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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 37: Board level drop test method using an accelerometer

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘ecomp
| national electrotechnical committees (IEC National Committees). The object of IEC is to prométe interna
-operation on all questions concerning standardization in the electrical and electronic fields. [0 this en
addition to other activities, IEC publishes International Standards, Technical Specifications; Technical Re
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publfication(s)”).

eparation is entrusted to technical committees; any IEC National Committee interested.in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with the fnternational Organizatidg
andardization (ISO) in accordance with conditions determined by agreement between the two organizatig

he formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for internatiohal*use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made(to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible for/the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC NationalsCommittees undertake to apply IEC Publicg
bnsparently to the maximum extent possible in their national and regional publications. Any divergence bet
hy IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the |

C itself does not provide any attestation of conformity. Independent certification bodies provide confd
Esessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification*bodies.

| users should ensure that they have the latest edition of this publication.

p liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees.and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the(publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawn to the-Normative references cited in this publication. Use of the referenced publicatig
dispensable for the Correct application of this publication.

tention is drawn tothe possibility that some of the elements of this IEC Publication may be the subject of p
phts. IEC shallnot be held responsible for identifying any or all such patent rights.
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IEC 60749-37 has been prepared by IEC technical committee 47: Semiconductor devices. It is
an International Standard.

This second edition, based on JEDEC document JESD22-B111A, cancels and replaces the first
edition published in 2008. It is used with permission of the copyright holder, JEDEC Solid State
Technology Association. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) carrection of a previous technical error concerning test conditions;

b) dJpdates to reflect improvements in technology.

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

Draft Report on voting

47/2651/CDV 47/2719/RVC

Fulllinformation on the voting for its approval can be found in the.report on voting indicated in
the above table.

Thel|language used for the development of this International Standard is English.

This| document was drafted in accordance with ISOMEC Directives, Part 2, and developgd in
accqrdance with ISO/IEC Directives, Part 1 and ISOAEC Directives, IEC Supplement, availgble
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC| are
desgribed in greater detail at www.iec.ch/standardsdev/publications.

A ligt of all parts of the IEC 60749 series, under the general title Semiconductor devicges —
Mechanical and climatic test methods;. ¢an be found in the IEC website.

The|committee has decided that the contents of this document will remain unchanged unti| the
stabjlity date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to
the $pecific document. At this, date, the document will be
e rneconfirmed,

e withdrawn,

e replaced by-alYevised edition, or

e 3amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Handheld electronic products fit into the consumer and portable market segments. Included in
handheld electronic products are cameras, calculators, cell phones, cordless phones, pagers,
palm size PCs, personal computer memory card international association (PCMCIA) cards,
smart cards, personal digital assistants (PDAs) and other electronic products that can be

conveniently stored in a pocket and used while held in user’s hand.

These handheld electronic products are more prone to being dropped during their useful service
life because of their size and weight. This dropping event can not only cause mechanical failures

in th

assgemblies mounted inside the housing due to transfer of energy through PCB supports,
electrical failures—may sometimes result from various failure modes such as cracking’of
circuit board, track cracking on the board, cracking of solder interconnections between
components and the board, and component cracks. The primary driver of thése failurg
excgssive flexing of the circuit board due to input acceleration to the board”’created
drogping the handheld electronic product. This flexing of the board causes relative md
between the board and the components mounted on it, resulting in component, interconne
boand failures. The failure is a function of the combination of the board’design, construc
rial, thickness and surface finish; interconnect material and standoff height and compo

Corifelation between test and field conditions is not yet fully established. Consequently, the
progedure is presently more appropriate for relative compehent performance than for use
pasg/fail criterion. Rather, results-should can be used 46 augment existing data or establi
basegline for potential investigative efforts in packagefboard technologies.

The| comparability between different test sites, data acquisition methods, and b
manjufacturers has not been fully demonstrated by existing data. As a result, if the data a
be ysed for direct comparison of componetit‘performance, matching studies-must will firs
performed to prove that the data are intfact comparable across different test sites and
conditions.

This| method is not intended to_substitute for full characterization testing, which-might ¢
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incofporate substantially larget_sample sizes and increased number of drops. Due to limited

sample size and number of drops specified here, it is possible that enough failure data-may

not-be generated in every‘case to perform full statistical analysis.

are
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 37: Board level drop test method using an accelerometer

1 Scope-and-objeet

This| part of IEC 60749 provides a test method that is intended to evaluate and compare
perfpormance of surface mount electronic components for handheld electronic) \pro
applications in an accelerated test environment, where excessive flexure of a circuit b
cauges product failure. The purpose is to standardize the test board and test methodolog
provide a reproducible assessment of the drop test performance of @urface-mou
components while producing the same failure modes normally observed during product |
test,

This|document aims at prescribing a standardized test method and reporting procedure. TH
not @ component qualification test and is not meant to replace any)system level drop test
mayl-be—needed is sometimes used to qualify a specific handheld electronic product.
standard is not meant to cover the drop test required to simulaté shipping and handling-rel
shogk of electronic components or PCB assemblies. These+equirements are already addreg
in tgst methods such as IEC 60749-10. The method{is applicable to both area array
perimeter-leaded surface mounted packages.

This| test method uses an accelerometer to ¢measure the mechanical shock duration
magnitude applied which is proportional to the stress on a given component mounted
stanldard board. The test method described<in"IEC 60749-40" uses strain gauge to measure
strajn and strain rate of a board in the vicinity of a component. The—detailed custd
spegification states which test method-is’to be used.

2 ormative references

Thelfollowing documents are referred to in the text in such a way that some or all of their corn
congtitutes requirements\of this document. For dated references, only the edition cited app|
For |undated references, the latest edition of the referenced document (including
amejndments) applies.

IEC|60749-10120022022, Semiconductor devices — Mechanical and climatic test methods —

drop
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Resistance of plastic-encapsulated SMDs to the combined effect of moisture and soldering heat

IEC 60749-20-1, Semiconductor devices — Mechanical and climatic test methods — Part 20-1:

Handling, packing, labelling and shipping of surface-mount devices sensitive to the comb
effect of moisture and soldering heat?

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

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp

3.1
component
packaged semiconductor device

3.2
single-sided-PCB assembly
prinfed circuit board assembly with components mounted on only one sideyof the board

3.3
douple-sided-PCB assembly
prinfed circuit board assembly with components mounted on top-and bottom sides of the bpard

3.4
hangdheld electronic product
product that can conveniently be stored in a pocket (of sufficient size) and used when held in
user's hand

Note |1 to entry: Handheld electronic products include_cameras, calculators, cell phones, pagers, palm-sizel PCs
(formlerly called ‘pocket organizers’), personal computer memory card international association (PCMCIA) dards,
smarf cards, mobile phones, personal digital assistanis (PDAs) and other communication devices.

3.5
peak acceleration
maxjmum acceleration during the ‘dynamic motion of the test apparatus

3.6
pulie duration

acceleration interval
timelinterval between.the instant when the acceleration first reaches 10 % of its specified peak
leve|] and the instant-when the acceleration first returns to 10 % of the specified peak level after
havipng reachedthat peak level

3.7
table drop height
freetfalldrop height of the drop table needed to attain the prescribed peak acceleration|and
pulse duration

3.8
event
electrical discontinuity of resistance greater than 1 000 Q lasting for 1 us or longer

3.9

event detector

continuity test instrument capable of detecting electrical discontinuity of resistance greater than
1 000 Q lasting for 1 us or longer


https://www.electropedia.org/
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4 Test apparatus and components

4.1 Test apparatus

The shock-testing apparatus shall be capable of providing shock pulses up to a peak
acceleration of 2 900 m-s~2 with a pulse duration between 0,3 ms and 8,0 ms to the body of the
device and a velocity change of-7Z10—mm-s—" 1 250 mm-s~' to 5 430 mm-s~!. For free-state
testing, a velocity change of 1250 mm-s~'! to 5430 mm-s™! and a pulse duration between

0,3 ms and 2,0 ms is sufficient. Conversely, for mounted-state testing, apparatus capable

of a

velocity change of 1 000 mm-s~1 to 5 430 mm-s~! and a pulse duration between 5,0 ms and
8,0 msto-thebodyofthe-componren sHfietert

Thelacceleration pulse shall be a half-sine waveform with an allowable deviation fronispecified
pea acceleration level not greater than +-20-% 10 %-of-the-specified-peak-acceleration. This
3 alg Mo hao eguen 2 hao ho oy e being-e abli hed- 7= importan ._
transducerresonance-doesnot-appreach-the-measured-value—Fitering-should-ret beusqdin
lieulof - aood-—measurement set-un—and- - nrocedure—npractices— The tuidee duration—shall he
Houtelcood mooonononl oot ondl cocendins penellene he e doeetion bl Do
meapured between-the points-at 10-% of the peak-acceleration during rise time-and-10-% of the
peal-acceleration during decay time. Absolute tolerances of the pulse duration shall be £30- %
of thHe specified duration. It is recommended- that the test velocity change should be £10 {6 of

I

the-ppecified-level The test velocity change shall be £10 %¢F the specified level. The p
durgtion shall be measured between the points at 10 % gf the peak acceleration during
time] and 10 % of the peak acceleration during decaydime. Absolute tolerances of the p
durgtion shall be £15 % of the specified duration. Théfest equipment transducer shall ha
natLlrSaI frequency greater than 5 times the frequency/of the shock pulse being established,

ured through a low-pass filter having a bandidth greater than 5 times the frequeng
the phock pulse being established. Filtering shall not be used in lieu of good measurer
setup and procedure practices.

Appropriate equipment calibration shallbe carried out prior to any testing.

4.2 | Test components

This| document covers allsarea arrays and perimeter-leaded surface-mountable packd

ged

semjconductor devices such” as ball grid arrays (BGA), land grid arrays (LGA), chip sicale

packages (CSP), thin.small outline packages (TSOP) and quad flat no-lead packages ((

DFN)

covgred in this docurent is 15 mm x 15 mm in general. A larger body size may be used
spegial board layout as described in detail in 4.3. All components used for this testing

typigally used in hahdheld electronic product. The maximum size of the component pody
jor a

shall be daisy‘ehained. The daisy chain-sheuld-eitherbe is made at the die level or by provi
daisy chain\links at the lead-frame or substrate level. In case of non-daisy chain di
mechanical dummy die shall be used inside the package to simulate the actual structure o
pack age, The die size and th|cknesssheu4e shall be S|m|Iar to the functional die size to be

in
representative of typical production device.

4.3 Test board

Since the drop test performance is a function of the test board used for evaluation,

iding
a
the

sed

this

document describes a preferred test board construction, dimensions, and material that is
representative of those used in handheld electronic products. If another board
construction/material better represents a specific application, the test board construction,
dimensions and material-should shall be documented. The test data generated using such a
board shall be correlated at least once by generating the same data on the same component

using the preferred board defined in this document (see Annex A for recommendations).
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4.4 Test board assembly

Prior to board assembly, all devices shall be inspected for missing balls or bent leads. Board
thickness, warpage and pad sizes shall also be measured using a sampling plan. A visual
inspection shall be performed on all boards for solder mask registration, contamination and
daisy chain connection. It is recommended that boards-sheuld be inspected and accepted in
accordance with a relevant national or international standard. One board shall also be used to
measure the mechanical properties (modulus and glass transition temperature, Tg) of the board

at the component location using dynamic mechanical analysis (DMA) and thermomechanical
analysis (TMA) methods. It is highly recommended that the coefficient of thermal expansion
(CTE) of the board be also measured in X, Y and Z direction. The mechanical property
mealsurements are not required for every board Tof, unless the fabrication process, materihl or
vendor is changed from lot to lot.

The|components shall be baked according to IEC 60749-20 and-thefuture IEC 607#49-20-1 prior
to bpard assembly. The test boards shall be assembled using best known methods of printed
circyit assembly process, representative of production methods. At least ane/board sha|l be
used to adjust the board mounting process such as paste printing, placement‘and reflow profile.
All assemblies shall be single-sided only, unless the component is anticipated for use in mifror-
sidefd board assemblies. In that case, the components shall be mounted on each side of the
boaid.

A 100 % X-ray inspection is recommended on assembled unitsto check for voids, short-cir¢uits
and [other abnormalities. Electrical continuity test shall alsé.be performed on all mounted Units
to detect any open-circuits or short-circuits.

4.5 | Number of components and sample size

The|boardsgesign recommended in Annex A allows 4 locations for component mounting and is
recmmended that all 4 components are mounted. Since the board is designed with| full
sympietry, all 4 components are expected to be subjected to the same drop performance|and
hereby the test results are treated as one single group. Statistical analysis on the data
equivalence is suggested to ensure that variability in the component performance is insignificant
before comprehensive data or full qualification is pursued. In order to get good statistically
meaningful results, a total of 6 boards or 24 components are recommended as a minimum
quantity per each design.

Since the number and size of the components mounted on the board-may can influence the
dynamic response of the test board assembly during drop, it is required that additional data-are
be provided whenever-these-t+-component-or-5-componentconfigurations-are the 1-component
configuration is employed. The additional data shall directly compare the effect of optional
component mounting (1—er~5- component case) to the preferred—45 4-component mounting
configuration. This comparison shall be provided for a component similar in size (within 20 %
in both length and width) to the component, which has been tested using 1--er&-component per
board configuration only.
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In the case of 1 component mount on the board, Table 1 shall be used to determine the minimum
quantity of assembled board required for testing and total number of components to be tested.
Sample sizes greater than specified below can also be used to generate statistically sufficient
data

Table 1 — Quantity of test boards and components required for testing

Total number of
cosapenenie

ol &

120
40
20

Number of
components
per board

Location

Number of¢boards

Side A assembly
(via in pad)

Total number

Side B assembly components
(not via in pad)

bf

4 U1, U2, U3 and U4

6

6 48

1 Centre of the board

16

16 32

5

5.1

The
and
brak
shoy
strik
achi
roun

Test procedure

Test equipment and parameters

shock testing apparatus shall be mounted on a sturdy laboratory table or equivalent
levelled before use. ‘Means shall be provided in the apparatus (such as an auto
ing mechanism) toseliminate bounce and to prevent multiple shocks to the board. Figy
Vs the typical drop test apparatus where the drop table travels down on guide rods
es the rigid fixture. The rigid fixture typically is covered with some form of material to
eve the desirable pulse and acceleration levels. The bottom of the drop table is us
ded slightlyto ensure a very small area of contact with the strike surface.

ase
atic
re 1
and

hally
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PCB assembly

Guide rods Accelerometer

Stand-offs

Base plate Base plate

Drop table

Strike surface

Rigid base

IEC..001/08
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14-200D
Thread
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Quide rods d) Sample stand-off design

Hase plate

Drop table

PCB assembly

Strike surface Standoffs Acceleronpeter

Accelerometer
a

Base plate Base plate

Rigid base

—

Drop table Drop table

IEC IEC

a) Typical drop test apparatus b) Pre-characterization set up c) Assembly set up with board
without test board

Figure 1 — Drop test apparatus detail

A base plate with suitable standoffs{e-g—6-mm-hexagonal-outside-diameter/M3-<0;5-inside
diameter10-mm-long) shall be rigidly mounted on the drop table. The thickness and mounting
locations of the base plate shall be selected such that there is no relative movement between
the drop table and any part of base plate during drop testing. This plate will serve as the
mounting structure for the PCB assemblies. This is pictorially shown in Figure 1. The PCB
assembly shall be mounted to the base plate standoffs using four screws, one at each corner
of the board. The board shall be mounted using four suitable precision shoulder screws (e.g.
M3 x 0,5). Test data suggests that the variations in response acceleration and strain are
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reduced significantly depending upon the choice of screw. Since the length of shoulder is
nominal, a number of washers-should shall be placed between the screw head and the top
surface of the board (nominal 1,0 mm thick) to avoid any gap between the top of the standoffs
and the bottom surface of the board. Due to tolerance stack up, a small gap is still possible but
this gap shall not exceed 50 ym. The use of shoulder screw eliminates the need to re-tighten
screws between drops. The screws shall be tightened in a diagonal pattern in the order of SW,
NE, SE, and NW corners of the board. The screw shall be tightened until the shoulder of the
screw bottoms out against the standoff. The number of washers used shall be the same for all
four screws. A custom board jig may be used instead of mounting the board directly to the plate.

Experience with different board orientations has suggested that the horizontal board orientation
with[components facing down results in maximum PCB flexure and, thus, the worst orientgtion
for fhilures. Therefore, this document requires that the board shall be horizontal in orientation
with|components facing in downward direction during the test. Drop testing using other bpard
orieTtations is not required but may be performed if deemed necessary. Howeyer, this is an
addifional test option and not a replacement for testing in the required orientatjon!

This|document requires test condition B (4500 15 000 m-s=2, 0,5 ms duration, half-sine pulse),
as l|sted in Table 1 of IEC 60749-10:2022, as the input shock pulse’to the printed cifcuit
assembly. This is the applied shock pulse to the base plate and“shall be measured by
accglerometer mounted at the centre of base plate or close to the;support posts for the bqard.
Oth¢rshock—conditions—such—as—2 900-m-s—2—0.3-ms—duratigh, ih—addition—to-thereqyired
condition-can-also-be-used- The velocity change of the drop.fptlse shall be also controlled|and
maintained at 4,67 m/s. The calculation of the velocity chafige is defined by the effective pulse
whele the acceleration must be equal to or above ¥500 m-s—2 as shown in Figure 2| No
rebqunces are allowed in this calculation.

18 000 Effective durationrand velocity change

16 000

14 000

12 000 Cut-off time (ramp down)

18t time to hit 1 500 m-s—2
10 000

8 000

6 000
1500 m-s—2

4000

1500 m-s—2
2 000

G A\ g - 7 —
0,5 0,7 0,9 1,1 1,3 1,5 1,7 1,9 21 2,3
-2 OOO‘ Time (ms)

Acceleration (m-s=2)

IEC
Figure 2 — Calculation of velocity change

5.2 Pre-test characterization

A set-up board with components mounted on it shall be used to adjust and characterize the

drop test parameters and board response —A—thtwe@ht—aeeeleremeter—shemd—be—a%taehed—w%h
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[ - A lightweight accelerometer is attached with (using suitable adhesive) in
the centre of the mounting plate. Since the board weight is negligible as compared to mounting
plate, setup characterization without a test board will not alter the results. Both the
accelerometer and the strain gauge shall be connected to a data acquisition system capable of
measuring at a scan frequency of 20 kHz and greater with a 16-bit signal width. Additional strain
gauges-may can also be mounted at different locations on the board to fully characterize the
strain response of the assembly.

The|board assembly shall then be mounted on the drop test fixture using four screws.|The
screws shall be tightened in diagonal pattern in the order of SW, NE, SE, and NW*cornefs of
the :I:oard. An additional accelerometer may also be mounted on the board assembly,at or dlose
to ope of the support locations to ensure that the input pulse to the base plate.is\transmittad to

the PCB without any distortion. The drop table shall then be raised to the,height requirgd to
meett test condition B of Table 1 of IEC 60749-10:2022 and dropped onrtg ‘the strike surface
while measuring the G level, pulse duration, and pulse shape.

a U :
on-of notonhtthe
oo+ hRotoRthe

drog-heightbutalso-the-strikesurface- The acceleration pulse‘shall follow a half-sine curve|with
a peak acceleration of 1 500 m-s~2 during each drop ag,shown in Figure 2. Multiple drops{can
be required while adjusting the drop height and impat{\surface to achieve the specified peak
accgleration and change of velocity (1 500 m-s—2, 467 m/s respectively). The variations of the
pealf acceleration and change of velocity needs tdJbe controlled within 10 % on each individual
meajsurement and 5% tolerance on average when 20 repeating measurements. The change of
velofity is the total area enclosed by the acéeleration pulse and the time axis. An effegtive
chanpge of velocity shall be counted in which only an acceleration equal to or higher than
1500 m-s~2 is considered and any. rébounces after the acceleration dropping to bglow
1 500 m-s—2 from the peak shall be igAdred in the calculation. The time duration for defining the
areg of effective change of veletity is called effective pulse duration and shall alsq be
maintained at 0,5 ms within 15 %-tolerance which is in accordance with IEC 60749-10. The|test
equipment and transducer shalt-have a natural frequency greater than 5 times the frequengy of
the $hock pulse being established, and measured through a low-pass filter having a bandwidth
gredter than 5 times the‘frequency of the shock pulse being established, see detdfl in
IEC60749-10. Howeyer"both unfiltered and filtered acceleration profiles shall be reportedl for
the ¢gomparison punpgses. It shall be noted that these pulse parameters are function of notjonly
the firop height_but-also the impact surface. Depending on the strike surface, the same gdrop
height could result in different acceleration levels and pulse durations. Theoretically, the firop
height needédjto achieve the appropriate acceleration levels can be determined from Equafions
(1) and (2)and the associated Figure 3, where H is the drop height and C is the rebound co-
efficyept\(4,0 for no rebound, 2,0 for full rebound). However, this equation does not includg the
strike'surface effect.

Experiments with different strike surfaces-may can be-needed necessary to achieve the desired
peak value and duration.

A(t) = Ag sin(tﬂj 1)

w

\2gH = Ag sin(z‘éﬂj 2)

7w
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Figure 3 — Typical shock test half-sine pulse graphic and formulae

e the specified drop parameters (acceleration level, duration and. pulse shape)
eved, the PCB response acceleration and strain shall be measured,/The strain rate
be calculated by dividing the change in strain value by the timejinterval during which
ge occurred. The characterized board response (acceleration{strain and strain rate)
priation shall be documented and provided with the test data.‘Although it is recommen
this characterization be performed for previously untested_tomponents, this may ng
ired if such characterization data are available for a similar'sized component.

Drop testing

ared for drop testing. This involves soldering.Gables to the plated-through holes on one

of tihe board, mounting the board on the drop fixture with components facing down,

coni
can
coni

ecting cables to the event detector/data fogger. Since the dynamic response of the b

ectors are used and wires are directly soldered to the board.

event detector’s threshold. resistance shall be set to no more than 1 000 Q. The sy{
for such event detectieis*shall have a 55 MHz scan rate or 0,2 us (or lower) €
ction window. Proper sfrain relief-sheuld shall also be provided to cables/wires to avg

are
thall
this
and
ded
t be

test parameters adjusted and PCB response.characterized, the PCB assemblies sha]l be

end
and
bard

be affected by the mass and stiffening of the connector, it is recommended that no

tem
vent
id a

e at wires to board interconnects. All cables shall be cleared from the drop path. The initial

the
hed
d all

S or

for similar sized components. This acceleration factor shall be reported with the test data.

During the test, the shock pulse shall be measured for each drop to ensure that the input pulse
remains within the specified tolerance. Adjustments in drop height or replacement of strike
surface shall be made if the pulse deviates from that specified.

Depending on the number of components per board, Table 1 shall be used to determine the

num

ber of boards to be tested per component type.
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Failure criteria and failure analysis

tu electrical monitoring of daisy chain nets for failure is required during each drop. The

electrical continuity of all nets-sheould shall either be detected by an event detector or by a high-
speed data acquisition system. The event detector—sheould shall be able to detect any
intermittent discontinuity of resistance greater than 1 000 Q lasting for 1 ys or longer. The high-
speed data acquisition system-should shall be able to measure resistance with a sampling rate
of 50,000 samples per second or greater.

Depending on the monitoring system used, the failure is defined as follows:

- elvent detector: the first event of intermittent discontinuity as defined above followed py 3

e

q

dditional such events during 5 subsequent drops.

— high speed data acquisition: the first indication of resistance value of 100)Q or 30 %

[
fi

A vis
in rg

ncrease in resistance from the initial resistance if initial resistance is greater than 85 Q
pllowed by 3 additional such indications during 5 subsequent drops.

ible partial separation of component from the test board, even without a-significant incrgase
sistance or intermittent discontinuity, shall also be considered as @a.failure. This can occur

if the PCB tracks come off the board with the component while maintaining electrical continuity.

As W
is hi
enstl

ires soldered to the board for electrical continuity test can‘also come off during the teft, it
ghly recommended that all electrical connections be checked once a failure is indicatgd to
re that the failure is due to a component to board inter¢onnection failure.

All failures after each drop shall be logged. A sufficient‘number of components from the test lot

shal
mec
Diffg
cher
emp
‘com
the |

a) ¢
b) t

c) «

be subjected to failure analysis to determine the root cause and to identify fajlure
hanism. The selection of components-shedldrshall cover different locations on the bdard.
rent methods and equipment, such as@visual inspection, cross-section, dye and |pry,
hical etching, scanning electron microscopy, and scanning acoustic tomography can be
loyed to determine the root cause of:failure. The failure site shall be clearly identified as
ponent failure’, ‘interconnect failute€’ or ‘board failure’. For the purpose of this docunjent,
interconnect failure” is defined-as any failure

n the package pad — joint interface or intermetallics,
hrough the joint material,

n the PCB pad jointlinterface or intermetallics.

above criteria may always be overridden by an applicable procurement document.

analysisishall be conducted showing mean and standard deviation of failure pata
rding to.component groupings. Weibull and/or log normal analysis result-sheuld shall jalso

included if sufficient quantities have failed for such analyses.—Because—of-symmptric

pohrfeht-aesStghi—ana cHoHPO oGaton groupHg ee ao a—oe—u c+or—Gaatad y—S—iS
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All test reports shall include the following information:

a) number of packages per board;

a) package and PCB assembly weight;

b) package geometrical details including body size, lead size, ball size, layer thickness and die
size;

c) package materials including mould compound, die attach, substrate;

d) PCB information, including materials, surface finishes, pad design type, board thickness,
layer count and etc.;

e) board geometry, material and material properties such as thickness, pad size, modulus and

Tg;
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f)

g)

board assembly details including stencil thickness, apertures, stencil material, solder alloy
and paste, reflow profile and other board assembly process details;

test details: drop height, strike surface, shock pulse profile;
board response (acceleration, strain and strain rate);

shock table response (shock parameter including peak acceleration, velocity change, time
duration, number of spots/locations on table tested and repetitions, tolerance report of those
measurements; filtering frequency for acceleration;

initial resistance of daisy chain nets;
failure detection equipment and failure criteria;

test results including the number of drops to failure for each location on each test.bgard,
feilure mechanisms and representative pictures;

data analysis showing mean and standard deviation of failure data according to)compohent
groupings.
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Annex A
(informative)

Preferred board construction, material, design and layout

A.1 Preferred board construction, material and design

The preferred test board should use built-up multilayer technology incorporating microvias using
1+6+1 stack-up. This is recommended because typical PCB assemblies used in handheld
elecfronic systems are constructed using high density, bul bard
shoyld have a nominal thickness of 1,0 mm. A thinner board (0,8 mm) can also be uSeq but
correlation between the drop test performance and the different board thicknesses n€eds tp be
estaplished. Table A.1 provides the thickness, copper coverage and material forjeach layer.
Thedielectric materials should meet the mechanical propertiesreguirements givenlin Table|A.2.
The|PCB should have organic solderability preservatives (OSP) as surface finish to avoid|any
copper oxidation before component mounting. The glass transition temperature, Tg, of ¢ach
dielgctric material, as well as of the composite board, should be-425 30 °C or greater.|The
modulus and Tg of the dielectric materials should be specified. The camposite values (modulus
and Tg) should be measured on at least one representative test)board at the compopent
moujnting location. The boards should be symmetrical in consfruction about the mid-plane of
the board, except for the minor differences in the top and bottom two layers.
Table A.1 — Test board stack-up and material
Board layer Thickness Copper coverage Material
um %

Solder mask 20 LP| @

Layer 1 3525 Pads + trackstraces (via in pad) Copper
Dielectric 1-2 65 60 RCG FR4
Layer 2 35 25 40 % 70 % including daisy chain links Copper
Dielectric 2-3 136 60 FR4 °

Layer 3 18 70 % Copper
Dielectric 3-4 136 100 FR4 ¢
Layer 4 18 70 % Copper
Dielectric 4-5 30 100 FR4 ©
Layer 5 18 70 % Copper
Dielectric 5-6 130 FR4 ©
Layer 6 18 70 % Copper
Dieleetric 6-7 136 100 FR4 ¢
lkayer 7 3518 4070 % Copper
leleClric 7-o 6o UU RCGCP FR4
Layer 8 18 70 % Copper
Dielectric 8-9 60 FR4 ©
Layer 9 25 70 % Copper
Dielectric 9-10 60 FR4 b.c
Layer-8 10 3525 Pads + trackstraces + daisy chain links (no via in Copper
pad)
Solder mask 20 LP| @

2 Liquid photo-imageable.
Resin-coated copper; usage as an alternative to FR4 shall be documented.

¢ Details of the FR4 material shall be documented.



https://iecnorm.com/api/?name=7ad601faeb9455e17f29efe88098e4db

IEC 60749-37:2022 RLV © IEC 2022 -19 -

Table A.2 — Mechanical property requirements for dielectric materials

Property Unit FR4 RCC
Tensile strength MPa >100 >50
Tensile modulus GPa 202 2+1

Tensile elongation % >3 >3
In-plane CTE ppm/°C 15+214+3 60 to 80

(below T)

Tq °C >130 >130

Cu peel N/mm >1 >1

Sinde a typical product board may have a combination of microvias in pad and_fhpWwias in|pad
for grea array packages for routing purposes, it is required that such components{(BGAs, CEPs,
etc.) be tested on boards with both microvia and non-microvia PCB pads.."This should be
accqgmplished by designing double-sided boards with mirror component footprints on each [side
(topland bottom) of the board. The board side A should have microvias,in’pads (“via in pad]) on
all component mounting pads while the board side B should have no’microvias in pads (“n¢ via
in pzds”). For board side A, the microvias in pads should be created with laser ablation wjth a
via fliameter of 110 um. The vias should then be plated resulting’in straight or near straight
wall$. The capture pad diameter should be at least 220 um. Although two-sided boards shpuld
be designed, the component should only be mounted on éne side at a time, resulting in ftwo,
single-sided assemblies (“side A assembly” and “side B assembly”), unless the componept is
anti¢ipated for use in mirror-sided board assembliesAn. that case, the components should be
moulnted on each side of the board.

As perimeter-leaded devices do not typically require microvia in pad, the test board for guch
devices (TSOP, quad flat pack, etc.) does notAeed to include microvias. The board should still
be designed as double-sided with footprint of similar sized components on each side.

Althpugh daisy-chain nets will typically: nhot require plated-through holes (PTH) other than those
required for manual probe pads *and connectors, the test board should contain PTH in[ the
component region (1,2 x the area-covered by component) to approximate the mechanical effect
of vigs on actual application-boards.

It is[recommended that.there should be 20 plated-through holes per square centimetre in the
component region. The actual location and distribution of plated-through holes will depenfl on
comEonent size and’1/O. The through holes should have a drill diameter of 300 ym and a
finished plated.hele diameter of 250 ym. The PTH pad diameters should measure 550 um for
the guter layerand 600 uym for the inner layers. It is recommended that the component mounting
pads on the'PCB be designed in accordance with the specification in Table A.3 for area drray
devices.(The pad design for leaded and perimeter I/O devices should be in accordance |with
releyant national or international guidelines. All component attachment pads should be pon-

mraste-definred-INSMBwith-soldermask—etearanceo H-betweentheedgeof-the pad
and the edge of solder mask. A smaller clearance can be used, as long as it does not cause
any solder mask encroachment on pads due to mis-registrations.

Solder mask registration tolerance should not exceed 50 pm.
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Solder mask opening

0
5

3
3
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and.component locations

0,25
0,28
0
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PCB pad diameter
layout,

b

,80

5
0

6
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Component I/O pitch
0

Table A.3 — Recommended test board pad sizes and solder mask openings

Preferred test board size
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thropgh all interconnects after component mounting. Wherever necessary,‘additional test pgints
with|n each net may be incorporated for failure location identification. Each additional test point
shodld be clearly labelled using the row column format of the package: All routing and tracks
with|n and just outside the component footprint should be done onllayer 2 and layer 8 for area

array packages and layer 1 and layer 8 for perimeter leaded packages.
The| suggested test board should have component mounting features such as Rin 1

The|board should have a matching daisy chain pattern such that one or multiple'nhets are formed
identification and global/local fiducials.

layefs. A track width of 100 ym should be used for all tracks outside of the cemponent region.

Theltrack widths on the suggested test board should be 75 ym within the componentarea. [This
inclydes all tracks making contact with solder joint interconnect as well as withlall internal
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The board footprint and layout is shown in Figure A.1. The overall board size is a 77 mm by
77 mm square board. The total number of components per board is 4 with an option of
1 component per board. In the case of four (4) components per board, these components are
mounted orthogonally and totally symmetric with each other from the board center to the
package edge with a distance of 13,10 mm. The maximum component size should be no more
than 15 mm in length or width for the case of 4 components per board. All 4 sites on each side
of the board (top and bottom) should have the same component footprint. A “common” footprint
for multiple components can also be used if daisy chain requirements, as specified in 5.2, are
met.

The daisy chain can be arranged as outer corner, inner corner and the main chain for each
component. The outer corner chain contains the corner-most balls on the outer corne% i.e.,
thesle two corners are closer to the board edge. The inner corner chain contains t 8, corner-
mosf balls on two inner corners, i.e., these two corners are closer to the board ce . These
cornler balls should also be daisy-chained separately if the number of channel o nitoring is
not limited. The remaining balls can be chained together and called main chai @ compongnts
shoyld be the same and mix of different component sizes and styles should rJilloe used or the
samf board, as this will affect the dynamic response of the board, makirrgD e results difficult

to apalyze. /\bg)’

7 o - C, " o>
- > - Q/\J >
9,25 _ 5 , .

Dimensions in millimetres

\i

67

38,5

L »

25 QE

Q_@For 4 components b) For one component
& Figure A.1 — Board footprint and BGA layout

IEC IEC

The n&nting board used on the drop test fixture is designed with four holes. The locations of
these holes are shown In Figure A.T. In the case o1 4 componentis, all components shall be
located with a distance of 13,10 mm from the inner edge of the component to the board center.
The four components are numbered as U1, U2, U3, and U4, which are located at 12, 3, 6, and
9 o’clock, respectively. The area of the board in the length direction outside of components is
restricted for labeling, through holes, edge fingers, and any other fixtures, if needed. As
illustrated in Figure A.1, there is a space for a 5-pin plated through hole (PTH) connector on
each corner, even though the connector is not to be mounted. The minimum gap of these holes
to the screw hole as well as to any component edge should be 5 mm. These plated through
holes provide the solder wiring for functional continuity test which can be done on each side
(top and bottom) of the board.

For the option of 1 component per board, the component is mounted in the center of the board
as shown in Figure A.1 b). In this case, screw holes and 5-pins PTH holes should remain in
every corner (the same as those in the 4-component case). This is to ensure the total symmetric


https://iecnorm.com/api/?name=7ad601faeb9455e17f29efe88098e4db

IEC 60749-37:2022 RLV © IEC 2022 - 23 -

design for the board. This design may be used for a component with a larger body such as
17 mm. However, this should be clearly specified in the drop test report if one component per
board is used. Figure A.2 provides an illustration that integrates both 4 component placement
(primary board side) and option of single component (bottom site of board).

&

Figure A.2 — Test vehicle with 4 component msy%ement (top side — left)
and 1 component at center Iocatiob ottom side — right).

Q

Singe the drop test performance is a function the test board used for evaluation,|this
docyment defines a preferred test board c ruction, dimensions, and material thgt is
reprgesentative of those used in ha Id electronic products. If another bpard
congtruction/material better represents ecific application, the test board construction,
dimgnsions and material should be do ented. The test data generated using such a bpard
sholld be correlated at least once by g&herating the same data on same component using the

preferred board defined in this document.
&

If materials or specifications @’\s&.lsed other than those mentioned in this document, they shpuld
be clearly reported in the d(wmentation.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 37: Board level drop test method using an accelerometer
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘comp
| national electrotechnical committees (IEC National Committees). The object of IEC is to prométe interna
-operation on all questions concerning standardization in the electrical and electronic fields. [0 this en
addition to other activities, IEC publishes International Standards, Technical Specifications; Technical Re
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 4Publfication(s)”).

eparation is entrusted to technical committees; any IEC National Committee interested.in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with the fnternational Organizatidg
andardization (ISO) in accordance with conditions determined by agreement between the two organizatig

he formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for internatiohal*use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made(to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible for/the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC NationalsCommittees undertake to apply IEC Publicg
bnsparently to the maximum extent possible in their national and regional publications. Any divergence bet
hy IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the |

C itself does not provide any attestation of cofnformity. Independent certification bodies provide confd
Esessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification*bodies.

| users should ensure that they have the latest edition of this publication.

p liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees.and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the(publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawn to the-Normative references cited in this publication. Use of the referenced publicatig
dispensable for the Correct application of this publication.

tention is drawn to-the possibility that some of the elements of this IEC Publication may be the subject of p
phts. IEC shalknot be held responsible for identifying any or all such patent rights.

60749-37 )has been prepared by IEC technical committee 47: Semiconductor devices.
nternational Standard.
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Technology Association. This edition constitutes a technical revision.

on published in 2008. It is used with permission of the copyright holder, JEDEC Solid State

first

This edition includes the following significant technical changes with respect to the previous

editi

on:

a) correction of a previous technical error concerning test conditions;

b) updates to reflect improvements in technology.
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The text of this International Standard is based on the following documents:

Draft Report on voting

47/2651/CDV 47/2719/RVC

022

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The

language used for the development of this International Standard is English.
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Mechanical and climatic test methods, can be found in the IEC website!

The
stab

the $pecific document. At this date, the document will be

e qeconfirmed,
e Withdrawn,

e replaced by a revised edition, or

® g

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

din

rdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,/available

ww.iec.ch/members_experts/refdocs. The main document types developed' by IEC
ribed in greater detail at www.iec.ch/standardsdev/publications.

t of all parts of the IEC 60749 series, under the general title Semicgnductor devic

committee has decided that the contents of this document will-remain unchanged unti
lity date indicated on the IEC website under "http://webstare.iec.ch" in the data relatq

mended.
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d to
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ORTANT - The 'colour inside"fogo on the cover page of this publication indicates

t it contains colours which are considered to be useful for the correct understand
ts contents. Users should;therefore print this document using a colour printer.
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INTRODUCTION

Handheld electronic products fit into the consumer and portable market segments. Included in
handheld electronic products are cameras, calculators, cell phones, cordless phones, pagers,
palm size PCs, personal computer memory card international association (PCMCIA) cards,
smart cards, personal digital assistants (PDAs) and other electronic products that can be

conveniently stored in a pocket and used while held in user’s hand.

These handheld electronic products are more prone to being dropped during their useful service

life because of their size and weight. This dropping event can not only cause mechanical fail
in th ; : 4 X ) ) L

assgemblies mounted inside the housing due to transfer of energy through PCB supports.
electrical failures sometimes result from various failure modes such as cracking of /the’ci
boand, track cracking on the board, cracking of solder interconnections between
components and the board, and component cracks. The primary driver of thése” failurg
excgssive flexing of the circuit board due to input acceleration to the board”’created
drogping the handheld electronic product. This flexing of the board causes relative md
between the board and the components mounted on it, resulting in component, interconne
boaid failures. The failure is a function of the combination of the board’design, construc
rial, thickness and surface finish; interconnect material and standoff height and compo

ures
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elation between test and field conditions is not yet fully established. Consequently, the|test
edure is presently more appropriate for relative compehent performance than for use ps a
/fail criterion. Rather, results can be used to augmént existing data or establish a basgline
otential investigative efforts in package/board teghnologies.

comparability between different test sites, data acquisition methods, and bpard
ufacturers has not been fully demonstrated by existing data. As a result, if the data afe to

be Wised for direct comparison of compenhent performance, matching studies will firsf be

perf
cong

This
inco

gen

brmed to prove that the data are insfact comparable across different test sites and|test
itions.

method is not intended. tovsubstitute for full characterization testing, which cpould
rporate substantially largef_sample sizes and increased number of drops. Due to linpited

samfle size and number of(drops specified here, it is possible that enough failure data arg not

rated in every case,to perform full statistical analysis.
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 37: Board level drop test method using an accelerometer

Scope

part of IEC 60749 provides a test method that is intended to evaluate and compare
brmance of surface mount electronic components for handheld electronic) ‘pro
ications in an accelerated test environment, where excessive flexure of a circuit b

cauges product failure. The purpose is to standardize the test board and test methodolog
provide a reproducible assessment of the drop test performance of @urface-mou

com
test.

This
not

ponents while producing the same failure modes normally observed during product |

document aims at prescribing a standardized test method and reporting procedure. TH
h component qualification test and is not meant to replace any)system level drop test

is sgmetimes used to qualify a specific handheld electronic product. The standard is not m

toc
com

pver the drop test required to simulate shipping and hatidling-related shock of electn

such as IEC 60749-10. The method is applicable to<both area array and perimeter-led
surface mounted packages.

This
mag
stan

test method uses an accelerometer to (measure the mechanical shock duration
nitude applied which is proportional to the stress on a given component mounted
dard board. The test method described.in' IEC 60749-40 uses strain gauge to measurg

strain and strain rate of a board in the vicinity of a component. The customer specification st
whigh test method is to be used.

2

The

Normative references

following documents areTreferred to in the text in such a way that some or all of their cor

congtitutes requirements\of this document. For dated references, only the edition cited app|

For
ame

IEC
Mec]

IEC

undated references, the latest edition of the referenced document (including
ndments) applies.

60749-10:2022, Semiconductor devices — Mechanical and climatic test methods — Par]
hanical~shock — Device and subassembly
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ponents or PCB assemblies. These requirements are-already addressed in test methods
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{ 10:

60749-20, Semiconductor devices — Mechanical and climatic test methods — Part

20:

Resistance of plastic-encapsulated SMDs to the combined effect of moisture and soldering heat

IEC 60749-20-1, Semiconductor devices — Mechanical and climatic test methods — Part 20-1:
Handling, packing, labelling and shipping of surface-mount devices sensitive to the combined
effect of moisture and soldering heat

3

Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:
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IEC Electropedia: available at https://www.electropedia.org/
ISO Online browsing platform: available at https://www.iso.org/obp

3.1
component
packaged semiconductor device

3.2
single-sided assembly
printed circuit board assembly with components mounted on only one side of the board

3.3
douple-sided assembly
prinfed circuit board assembly with components mounted on top and bottom sidesrof the bpard

3.4
hangheld electronic product
product that can conveniently be stored in a pocket (of sufficient size) @nd used when held in
usells hand

Note |1 to entry: Handheld electronic products include cameras, calculatorss. cell phones, pagers, palm-sizegl PCs
(formerly called ‘pocket organizers’), personal computer memory card international association (PCMCIA) dards,
smarf cards, mobile phones, personal digital assistants (PDAs) and other«cémimunication devices.

3.5
peak acceleration
maxjmum acceleration during the dynamic motion of/the test apparatus

3.6
pulie duration

acceleration interval
timelinterval between the instant when the acceleration first reaches 10 % of its specified peak
leve|] and the instant when the acceleration first returns to 10 % of the specified peak level after
havipng reached that peak level

3.7
table drop height
freetfall drop height of.the drop table needed to attain the prescribed peak acceleration|and
pulse duration

3.8
event
electrical discontinuity of resistance greater than 1 000 Q lasting for 1 us or longer

3.9
event detector

continuity test instrument capable of detecting electrical discontinuity of resistance greater than
1 000 Q lasting for 1 ys or longer

4 Test apparatus and components

4.1 Test apparatus

The shock-testing apparatus shall be capable of providing shock pulses up to a peak
acceleration of 2 900 m-s~2 with a pulse duration between 0,3 ms and 8,0 ms to the body of the
device and a velocity change of 1 250 mm-s~1to 5 430 mm-s~1. For free-state testing, a velocity
change of 1 250 mm-s~! to 5 430 mm-s~1 and a pulse duration between 0,3 ms and 2,0 ms is
sufficient. Conversely, for mounted-state testing, apparatus capable of a velocity change of
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1 000 mm-s~1to 5 430 mm-s~1 and a pulse duration between 5,0 ms and 8,0 ms to the body of
the component is sufficient.

The acceleration pulse shall be a half-sine waveform with an allowable deviation from specified
peak acceleration not greater than £10 %. The test velocity change shall be +10 %of the
specified level. The pulse duration shall be measured between the points at 10 % of the peak
acceleration during rise time and 10 % of the peak acceleration during decay time. Absolute
tolerances of the pulse duration shall be +15 % of the specified duration. The test equipment
transducer shall have a natural frequency greater than 5 times the frequency of the shock pulse
being established, and measured through a low-pass filter having a bandwidth greater than 5

. . o o lieu of

Appfopriate equipment calibration shall be carried out prior to any testing.

4.2 | Test components

This| document covers all area arrays and perimeter-leaded surface-moeuntable packaged
semjconductor devices such as ball grid arrays (BGA), land grid arctays (LGA), chip sicale
packages (CSP), thin small outline packages (TSOP) and quad flat no-lead packages (QFN)
typigally used in handheld electronic product. The maximum size’ of the component t{ody

covgred in this document is 15 mm x 15 mm in general. A largerybody size may be used for a
spegial board layout as described in detail in 4.3. All components used for this testing shall be
daisy-chained. The daisy chain is made at the die level or by providing daisy chain links af the
leadf-frame or substrate level. In case of non-daisy chain,die, a mechanical dummy die shal be
used inside the package to simulate the actual structure of the package. The die size|and
thickness shall be similar to the functional die size\to"be used in application. The compopent
mateérials, dimensions and assembly processes shall be representative of typical produgtion
devipe.

4.3 Test board

Singe the drop test performance is-a function of the test board used for evaluation,|this
docyment describes a preferredwtest board construction, dimensions, and material that is
representative of those used. in handheld electronic products. If another bepard
congtruction/material better ‘represents a specific application, the test board construction,
dimegnsions and material shall be documented. The test data generated using such a bpard
shall be correlated at least once by generating the same data on the same component using
the preferred board definted in this document (see Annex A for recommendations).

4.4 | Test boardrassembly

Priof to boatd)assembly, all devices shall be inspected for missing balls or bent leads. Bpard
thichness,"warpage and pad sizes shall also be measured using a sampling plan. A visual
inspection’ shall be performed on all boards for solder mask registration, contamination|and
daisy “chain connection. It is recommended that boards be inspected and accepted in
accordance with a relevant national or international standard. One board shall also be used to
measure the mechanical properties (modulus and glass transition temperature, Tg) of the board

at the component location using dynamic mechanical analysis (DMA) and thermomechanical
analysis (TMA) methods. It is highly recommended that the coefficient of thermal expansion
(CTE) of the board be also measured in X, Y and Z direction. The mechanical property
measurements are not required for every board lot, unless the fabrication process, material or
vendor is changed from lot to lot.

The components shall be baked according to IEC 60749-20 and IEC 60749-20-1 prior to board
assembly. The test boards shall be assembled using best known methods of printed circuit
assembly process, representative of production methods. At least one board shall be used to
adjust the board mounting process such as paste printing, placement and reflow profile. All
assemblies shall be single-sided only, unless the component is anticipated for use in mirror-
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sided board assemblies. In that case, the components shall be mounted on each side of the
board.

A 100 % X-ray inspection is recommended on assembled units to check for voids, short-circuits
and other abnormalities. Electrical continuity test shall also be performed on all mounted units
to detect any open-circuits or short-circuits.

4.5 Number of components and sample size

The board design recommended in Annex A allows 4 locations for component mounting and is
recommended that all 4 amponen e mounted ince the bhoard is designed with full
symmetry, all 4 comp and
data
equivalence is suggested to ensure that variability in the component performance is.insignificant
before comprehensive data or full qualification is pursued. In order to get good Istatistigally
meahningful results, a total of 6 boards or 24 components are recommended\as a miniqnum
quantity per each design.

Sinde the number and size of the components mounted on the board caninfluence the dynamic
resplonse of the test board assembly during drop, it is required that ddditional data be provjded
whenhever the 1-component configuration is employed. The additional data shall dir¢ctly
compare the effect of optional component mounting (1 component case) to the preferred 4-
component mounting configuration. This comparison shall be‘provided for a component similar
in sigze (within 20 % in both length and width) to the component, which has been tested using
1-component per board configuration only.

In thie case of 1 component mount on the board, Table 1 shall be used to determine the minimum
quantity of assembled board required for testing and total number of components to be tegted.
Saniple sizes greater than specified below can also be used to generate statistically suffigient
data.

Table 1 — Quantity of test boards and components required for testing

Number of Number of boards
t L ti Total number of
components ocaion Side A assembly | Side B assembly components
per board (via in pad) (not via in pad)
4 U1¢ U2, U3 and U4 6 6 48
1 Centre of the board 16 16 32

5 [Test procedure

5.1 | . <{Fest equipment and parameters

The shock testing apparatus shall be mounted on a sturdy laboratory table or equivalent base
and levelled before use. Means shall be provided in the apparatus (such as an automatic
braking mechanism) to eliminate bounce and to prevent multiple shocks to the board. Figure 1
shows the typical drop test apparatus where the drop table travels down on guide rods and
strikes the rigid fixture. The rigid fixture typically is covered with some form of material to
achieve the desirable pulse and acceleration levels. The bottom of the drop table is usually
rounded slightly to ensure a very small area of contact with the strike surface.
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IEC

Guide rods |

d) Sample stand-off design

Drop table ~

PCB assembly

Strike surface Standoffs W Accelerometer

Accelerometer
plose-

Base plate Base plate —— ™~

Rigid base

— e
Drop table Drop tablé

IEC IEC IEC

Typical drop test apparatus b) Pre-characterization set up c) Assembly set up with board
without test board

Y

Figure 1 — Drop test apparatus detail

A bgse plate with suitable standoffs shall be rigidly mounted on the drop table. The thickness
and |mounting locations of the base plate shall be selected such that there is no relative
movement between the drop table and any part of base plate during drop testing. This plate will
serve as the mounting structure for the . PCB assemblies. This is pictorially shown in Figure 1.
The|PCB assembly shall be mounted._tdo-the base plate standoffs using four screws, one at ¢ach
cornler of the board. The board shalljbe mounted using four suitable precision shoulder scfews
(e.g| M3 x 0,5). Test data suggests that the variations in response acceleration and strair| are
redyced significantly depending upon the choice of screw. Since the length of shouldér is
nomijinal, a number of washers shall be placed between the screw head and the top surfage of
the poard (nominal 1,0 mm thick) to avoid any gap between the top of the standoffs and the
bottom surface of the board. Due to tolerance stack up, a small gap is still possible but this|gap
shall not exceed 50-pm. The use of shoulder screw eliminates the need to re-tighten screws
between drops. The-screws shall be tightened in a diagonal pattern in the order of SW, NE | SE,
and |[NW cornesstof the board. The screw shall be tightened until the shoulder of the s¢rew
bottpms outragainst the standoff. The number of washers used shall be the same for all[four
screws. A«custom board jig may be used instead of mounting the board directly to the plat

U

Expegrience with different board orientations has suggested that the horizontal board orientation
with components facing down results in maximum PCB flexure and, thus, the worst orientation
for failures. Therefore, this document requires that the board shall be horizontal in orientation
with components facing in downward direction during the test. Drop testing using other board
orientations is not required but may be performed if deemed necessary. However, this is an
additional test option and not a replacement for testing in the required orientation.

This document requires test condition B (15 000 m-s~2, 0,5 ms duration, half-sine pulse), as
listed in Table 1 of IEC 60749-10:2022, as the input shock pulse to the printed circuit assembly.
This is the applied shock pulse to the base plate and shall be measured by accelerometer
mounted at the centre of base plate or close to the support posts for the board. The velocity
change of the drop pulse shall be also controlled and maintained at 4,67 m/s. The calculation
of the velocity change is defined by the effective pulse where the acceleration must be equal to
or above 1 500 m-s—2 as shown in Figure 2. No rebounces are allowed in this calculation.
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Figure 2 — Calculation of velocity change

5.2 Pre-test characterization

A sgt-up board with components mounted on it\shall be used to adjust and characteriz¢g the
drog test parameters and board response. A lightweight accelerometer is attached with (using
suitable adhesive) in the centre of the moutting plate. Since the board weight is negligible as
compared to mounting plate, setup characterization without a test board will not alter the resplts.
Both the accelerometer and the strainngauge shall be connected to a data acquisition sygtem
capable of measuring at a scan frequency of 20 kHz and greater with a 16-bit signal wjdth.
Additional strain gauges can also"be mounted at different locations on the board to [fully
charfacterize the strain responsg;,of the assembly.

The|board assembly shall.then be mounted on the drop test fixture using four screws.|The
screws shall be tightened in diagonal pattern in the order of SW, NE, SE, and NW cornefs of
the :ﬁoard. An additional accelerometer may also be mounted on the board assembly at or dlose
to ompe of the support’locations to ensure that the input pulse to the base plate is transmittgd to
the PCB withoutiany distortion. The drop table shall then be raised to the height requirgd to
meett test condition B of Table 1 of IEC 60749-10:2022 and dropped on to the strike surface
while measuring the G level, pulse duration, and pulse shape.

Thelacceleration pulse shall follow a half-sine curve with a peak acceleration of 1 500 nj-s—2
during each drop as shown in Figure 2. Multiple drops can be required while adjusting the drop
height and impact surface to achieve the specified peak acceleration and change of velocity
(1 500 m-s—2, 4,67 m/s respectively). The variations of the peak acceleration and change of
velocity needs to be controlled within 10 % on each individual measurement and 5% tolerance
on average when 20 repeating measurements. The change of velocity is the total area enclosed
by the acceleration pulse and the time axis. An effective change of velocity shall be counted in
which only an acceleration equal to or higher than 1 500 m-s=2 is considered and any rebounces
after the acceleration dropping to below 1 500 m-s~2 from the peak shall be ignored in the
calculation. The time duration for defining the area of effective change of velocity is called
effective pulse duration and shall also be maintained at 0,5 ms within 15 % tolerance which is
in accordance with IEC 60749-10. The test equipment and transducer shall have a natural
frequency greater than 5 times the frequency of the shock pulse being established, and
measured through a low-pass filter having a bandwidth greater than 5 times the frequency of
the shock pulse being established, see detail in IEC 60749-10. However, both unfiltered and
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filtered acceleration profiles shall be reported for the comparison purposes. It shall be noted
that these pulse parameters are function of not only the drop height but also the impact surface.
Depending on the strike surface, the same drop height could result in different acceleration
levels and pulse durations. Theoretically, the drop height needed to achieve the appropriate
acceleration levels can be determined from Equations (1) and (2) and the associated Figure 3,
where H is the drop height and C is the rebound co-efficient (1,0 for no rebound, 2,0 for full
rebound). However, this equation does not include the strike surface effect.

Experiments with different strike surfaces can be necessary to achieve the desired peak value
and duration.

A(r) = A sin(tij 1)

w

N2gH = Ag sin[zéﬂ] 2)

7w

»
-

Acceleration (m-s=2)

-
|

Time (s)
IEC

Figure 3 — Typical(shock test half-sine pulse graphic and formulae

Once the specified drep -parameters (acceleration level, duration and pulse shape)| are
achieved, the PCB response acceleration and strain shall be measured. The strain rate ghall
also|be calculated py:dividing the change in strain value by the time interval during which|this
change occurredtThe characterized board response (acceleration, strain and strain rate)[and
its variation shallkbe documented and provided with the test data. Although it is recommended
that|this characterization be performed for previously untested components, this may ngt be
required ifssuch characterization data are available for a similar sized component.

5.3 L Drop testing

With test parameters adjusted and PCB response characterized, the PCB assemblies shall be
prepared for drop testing. This involves soldering cables to the plated-through holes on one end
of the board, mounting the board on the drop fixture with components facing down, and
connecting cables to the event detector/data logger. Since the dynamic response of the board
can be affected by the mass and stiffening of the connector, it is recommended that no
connectors are used and wires are directly soldered to the board.

The event detector’s threshold resistance shall be set to no more than 1 000 Q. The system
used for such event detections shall have a 55 MHz scan rate or 0,2 ys (or lower) event
detection window. Proper strain relief shall also be provided to cables/wires to avoid a failure
at wires to board interconnects. All cables shall be cleared from the drop path. The initial
resistance of all nets for each assembly shall be measured and logged before conducting the
first drop. The drop test shall be conducted by releasing the drop table from the pre-established
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height. The electrical resistance of each net shall be measured in situ during each drop and all
failures shall be logged. The board shall be dropped a required maximum number of times or
until a percentage of all devices has failed, whichever is earlier. The maximum number of drops
or percentage of devices failing shall be consistent with the application. The maximum number
of drops shall be irrespective of single or double-sided assembly. In the event that a shock
condition in addition to the required condition B is used to conduct the test, the maximum
number of drops shall be determined using the acceleration factor between the two conditions
for similar sized components. This acceleration factor shall be reported with the test data.

During the test, the shock pulse shall be measured for each drop to ensure that the input pulse
remains within the specified tolerance. Adjustments in drop height or replacement of strike
surface shall be made if the pulse deviates from that specified.

Depending on the number of components per board, Table 1 shall be used to determing the
numper of boards to be tested per component type.

6 Failure criteria and failure analysis

In-situ electrical monitoring of daisy chain nets for failure is requjred” during each drop.|The
electrical continuity of all nets shall either be detected by an event-detector or by a high-speed
datg acquisition system. The event detector shall be able to detect any intermittent discontipuity
of rgsistance greater than 1 000 Q lasting for 1 us or longer{Ahe high-speed data acquisjftion
system shall be able to measure resistance with a sampling.rate of 50,000 samples per se¢ond
or gfeater.

Depgending on the monitoring system used, the failure is defined as follows:

— @vent detector: the first event of intermittent“discontinuity as defined above followed py 3
gdditional such events during 5 subsequent drops.

igh speed data acquisition: the first indication of resistance value of 100 Q or 20 %
increase in resistance from the initial resistance if initial resistance is greater than 5 Q
llowed by 3 additional such indications during 5 subsequent drops.

A vigible partial separation of component from the test board, even without a significant increase
in rgsistance or intermittent-discontinuity, shall also be considered as a failure. This can ogccur
if the¢ PCB tracks come off.the board with the component while maintaining electrical continjuity.

ires soldered to'the board for electrical continuity test can also come off during the tept, it
iphly recommended that all electrical connections be checked once a failure is indicated to

All failures-after each drop shall be logged. A sufficient number of components from the tegt lot
be._subjected to failure analysis to determine the root cause and to identify fajlure
mechanism. The selection of components shall cover different locations on the board. Diffgrent
methods and equipment, as visual Inspection, cross-section, dye and pry, chemical
etching, scanning electron microscopy, and scanning acoustic tomography can be employed to
determine the root cause of failure. The failure site shall be clearly identified as ‘component
failure’, ‘interconnect failure’ or ‘board failure’. For the purpose of this document, the
“interconnect failure” is defined as any failure

a) on the package pad - joint interface or intermetallics,
b) through the joint material,

c) on the PCB pad joint interface or intermetallics.

The above criteria may always be overridden by an applicable procurement document.
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Data analysis shall be conducted showing mean and standard deviation of failure data
according to component groupings. Weibull and/or log normal analysis result shall also be
included if sufficient quantities have failed for such analyses.

7

Summary

All test reports shall include the following information:

a)
b)
c)

d)
e)

f)

g)

number of packages per board;

package and PCB assembly weight;

package geometrical details including body size, lead size, ball size, layer thickness ‘ang
gize;

package materials including mould compound, die attach, substrate;

FPCB information, including materials, surface finishes, pad design type,oard thickn
lpyer count and etc.;

bhoard geometry, material and material properties such as thickness,pad size, modulus
Tg;

bhoard assembly details including stencil thickness, apertures,(stencil material, solder
gnd paste, reflow profile and other board assembly process{details;

test details: drop height, strike surface, shock pulse profite;
bhoard response (acceleration, strain and strain rate);
hock table response (shock parameter including\peak acceleration, velocity change,

=0

heasurements; filtering frequency for acceleration;
initial resistance of daisy chain nets;
pilure detection equipment and failure, criteria;

est results including the number effdrops to failure for each location on each test bd
pilure mechanisms and representative pictures;

—h e~k —h

data analysis showing mean.and standard deviation of failure data according to compo
dgroupings.

| die

eSS,

and

hlloy

time

uration, number of spots/locations on table tested and repetitions, tolerance report of those

ard,

hent
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Annex A
(informative)

Preferred board construction, material, design and layout

A.1 Preferred board construction, material and design

The preferred test board should use built-up multilayer technology incorporating microvias u
1+6+1 stack-up. This is recommended because typical PCB assemblies used in hand
elecfronic systems are construcied using high density € ies

sing
held

shodld have a nominal thickness of 1,0 mm. A thinner board (0,8 mm) can also be used but

corrglation between the drop test performance and the different board thicknesses n€eds t
established. Table A.1 provides the thickness, copper coverage and material for each layer.
dielgctric materials should meet the mechanical properties given in Table A.2. The/PCB sh

have organic solderability preservatives (OSP) as surface finish to avoid any‘copper oxidation
befgre component mounting. The glass transition temperature, Tg, of each dielectric matgrial,
as well as of the composite board, should be 130 °C or greater. The modulus and Ty of the
dielgctric materials should be specified. The composite values (modulus and Tg) should be
mealsured on at least one representative test board at the component mounting location.|The
boands should be symmetrical in construction about the mid-plane of the board, except for the
mingr differences in the top and bottom two layers.
Table A.1 — Test board stack-up and material
Board layer Thickness Copper coverage Material
um %
Solder mask 20 LP| @
Layer 1 25 Pads + traces (via in pad) Copper
Dielectric 1-2 60 FR4 b.c
Layer 2 25 40 % 70 % including daisy chain links Copper
Dielectric 2-3 60 FR4 ©
Layer 3 18 70 % Copper
Dielectric 3-4 100 FR4 ©
Layer 4 18 70 % Copper
Dielectric 4-5 100 FR4 ©
Layer 5 18 70 % Copper
Dielectric 5-6 130 FR4 ©
Layer 6 18 70 % Copper
Dieleetric 6-7 100 FR4 ¢
lkayer 7 18 70 % Copper
Telectric 7-8 00 FRZ ©
Layer 8 18 70 % Copper
Dielectric 8-9 60 FR4 ©
Layer 9 25 70 % Copper
Dielectric 9-10 60 FR4 b.c
Layer 10 25 Pads + traces + daisy chain links (no via in pad) Copper
Solder mask 20 LP| @

Liquid photo-imageable.
Resin-coated copper; usage as an alternative to FR4 shall be documented.

¢ Details of the FR4 material shall be documented.
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Table A.2 — Mechanical property requirements for dielectric materials

Property Unit FR4 RCC
Tensile strength MPa >100 >50
Tensile modulus GPa 202 2+1

Tensile elongation % >3 >3
In-plane CTE ppm/°C 14 +3 60 to 80

(below T)

Tq °C >130 >130

Cu peel N/mm >1 >1

Sinde a typical product board may have a combination of microvias in pad and_fhpWwias in|pad
for grea array packages for routing purposes, it is required that such components{(BGAs, CEPs,
etc.) be tested on boards with both microvia and non-microvia PCB pads.."This should be
accqgmplished by designing double-sided boards with mirror component footprints on each [side
(top|and bottom) of the board. The board side A should have microvias,in’pads (“via in pad]) on
all component mounting pads while the board side B should have no’microvias in pads (“n¢ via
in pxds"). For board side A, the microvias in pads should be created with laser ablation wjth a
via fliameter of 110 um. The vias should then be plated resulting”in straight or near straight
wallg. The capture pad diameter should be at least 220 um. Although two-sided boards shppuld
be designed, the component should only be mounted on éne side at a time, resulting in ftwo,
single-sided assemblies (“side A assembly” and “side B assembly”), unless the componept is
anti¢ipated for use in mirror-sided board assemblies . that case, the components should be
moulnted on each side of the board.

As perimeter-leaded devices do not typically require microvia in pad, the test board for guch
devices (TSOP, quad flat pack, etc.) does notieed to include microvias. The board should still
be designed as double-sided with footprint of similar sized components on each side.

Althpugh daisy-chain nets will typically: not require plated-through holes (PTH) other than those
required for manual probe pads *and connectors, the test board should contain PTH in| the
component region (1,2 x the area-covered by component) to approximate the mechanical effect
of vigs on actual application-boards.

It is[recommended that.there should be 20 plated-through holes per square centimetre in the
component region. The actual location and distribution of plated-through holes will depenfl on
comgonent size and’I/O. The through holes should have a drill diameter of 300 ym and a
finished plated.hele diameter of 250 ym. The PTH pad diameters should measure 550 uym for
the guter layer@nd 600 pym for the inner layers. It is recommended that the component mounting
pads on the'PCB be designed in accordance with the specification in Table A.3 for area drray
devices.(The pad design for leaded and perimeter I/O devices should be in accordance |with
releyant national or international guidelines. All component attachment pads should be pon-

mast-definred{INSMBYwith-sotdermask—etearanceo p-between-theedgeof-the pad
and the edge of solder mask. A smaller clearance can be used, as long as it does not cause
any solder mask encroachment on pads due to mis-registrations.

Solder mask registration tolerance should not exceed 50 pm.
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Table A.3 — Recommended test board pad sizes and solder mask openings

Component I/O pitch PCB pad diameter Solder mask opening
mm mm mm
0,4 0,25 0,32
0,50 0,28 0,43
0,65 0,30 0,45
0,75 to 0,80 0,35 0,50
1,00 0,45 0,60

track widths on the suggested test board should be 75 pm within the componentarea.

inclydes all tracks making contact with solder joint interconnect as well as withlall inte

laye
The
thro
with

rs. A track width of 100 um should be used for all tracks outside of the component reg
board should have a matching daisy chain pattern such that one or multiple'nets are for

n each net may be incorporated for failure location identification. Each additional test g

shodld be clearly labelled using the row column format of the package: All routing and tr

with
arra

The
iden

A.2

The

1 ¢co
mou

n and just outside the component footprint should be done onlayer 2 and layer 8 for
y packages and layer 1 and layer 8 for perimeter leaded packages.

suggested test board should have component mounting features such as H
tification and global/local fiducials.

Preferred test board size, layout, and.component locations

board footprint and layout is shown in(Rigure A.1. The overall board size is a 77 mi

ponent per board. In the case of four (4) components per board, these components
nted orthogonally and totally symmetric with each other from the board center to

77 nF square board. The total number, 0f components per board is 4 with an optio

package edge with a distance of 18,10 mm. The maximum component size should be no 1
than 15 mm in length or width fer.the case of 4 components per board. All 4 sites on each
of the board (top and bottom).should have the same component footprint. A “common” foot
for multiple components can_also be used if daisy chain requirements, as specified in 5.2

met,

This
rnal
ion.

med

igh all interconnects after component mounting. Wherever necessary,‘additional test pgints

oint
acks
area

in 1

n by
n of
are
the
nore
side
brint
are

daisy chain can)be arranged as outer corner, inner corner and the main chain for ¢ach
ponent. The_ outer corner chain contains the corner-most balls on the outer corners,

i.e.,

same board asthls WI|| affect the dynamic response of the board makmg the results dlfflcult
to analyze.
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Dimensions in millimetres
77 77

|
A
/
Y

=
Y
[Te)
N 5 | &
- o IEC
a) For 4 components Q)) For one component
Figure A.1 — Board footprint and Q‘& layout

O

The|mounting board used on the drop test fixture is @gned with four holes. The locations of
thesje holes are shown in Figure A.1. In the caseQ‘ components, all components shall be
located with a distance of 13,10 mm from the inn dge of the component to the board cenpter.
The|four components are numbered as U1, UZ@,Eand U4, which are located at 12, 3, 6,|and
9 o’¢lock, respectively. The area of the bogggm the length direction outside of components is
restficted for labeling, through holes, e fingers, and any other fixtures, if needed| As
illustrated in Figure A.1, there is a sp or a 5-pin plated through hole (PTH) connectar on
each corner, even though the connectof-is not to be mounted. The minimum gap of these hloles
to the screw hole as well as to q}» component edge should be 5 mm. These plated thrgugh
holels provide the solder wiring\ig unctional continuity test which can be done on each side
(top[and bottom) of the boaré)K\C)

For the option of 1 com nent per board, the component is mounted in the center of the bpard
as shown in Figure . In this case, screw holes and 5-pins PTH holes should remajn in
evelly corner (the s as those in the 4-component case). This is to ensure the total symmetric
design for the board. This design may be used for a component with a larger body such as
17 mm. Howe@his should be clearly specified in the drop test report if one componen{ per
boand is us@ igure A.2 provides an illustration that integrates both 4 component placement
(primary d side) and option of single component (bottom site of board).

NS
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Figure A.2 — Test vehicle with 4 component pIacement«&b side — left)
and 1 component at center location (bottom s@— right).

e the drop test performance is a function of the te ard used for evaluation,
ment defines a preferred test board construction, “dimensions, and material tha
bsentative of those wused in handheld ele ic products. If another b
truction/material better represents a specific &cation, the test board construc
est data generated using such a b
Id be correlated at least once by generating‘tbe same data on same component using
brred board defined in this document. >
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AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comg
b I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC\ & pour obj
voriser la coopération internationale pour toutes les questions de normalisation dahs_,les domaing
lectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internatior
bs Spécifications techniques, des Rapports techniques, des Spécifications accessibles)au public (PAS) €
uides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée(@des comités d'études
bvaux desquels tout Comité national intéressé par le sujet traité peut,partticiper. Les organisg
ternationales, gouvernementales et non gouvernementales, en liaison avecRIEC, participent égalemen
Bvaux. L’'IEC collabore étroitement avec I'Organisation Internationale de-~Normalisation (ISO), selor]
nditions fixées par accord entre les deux organisations.

bs décisions ou accords officiels de I'lEC concernant les questions teChnhiques représentent, dans la mesu
bssible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'l|EC intérg
nt représentés dans chaque comité d’études.

bs Publications de 'IEC se présentent sous la forme de pecoammandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les) efforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsab
ventuelle mauvaise utilisation ou interprétation qui en ‘€st faite par un quelconque utilisateur final.

ans le but d'encourager l'uniformité internationale;;les Comités nationaux de I'lEC s'engagent, dans to
esure possible, a appliquer de fagon transparenté.les Publications de I'l[EC dans leurs publications natio

régionales. Toutes divergences entre toutes“Publications de I'lEC et toutes publications nationald
gionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
urnissent des services d'évaluationde conformité et, dans certains secteurs, accédent aux marqug
nformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifig
dépendants.

bus les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Licune responsabilité ne doit.étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandat
compris ses experts patticuliers et les membres de ses comités d'études et des Comités nationaux de
bur tout préjudice cdusg’ en cas de dommages corporels et matériels, ou de tout autre dommage de qu
hture que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép4
coulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
 au crédit qui, P est accordé.

attention (est ‘attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
férencées, est obligatoire pour une application correcte de la présente publication.

attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire |
b ‘dfoits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droi
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L'IEC 60749-37 a été établie par le comité d’études 47 de I'|EC: Dispositifs a semiconducteurs.
Il s'agit d'une Norme internationale.

Cette deuxieéme édition, fondée sur le document JESD22-B111A du JEDEC, annule et remplace
la premiere édition parue en 2008. Ce document est utilisé avec la permission du propriétaire
des droits, JEDEC Solid State Technology Association. Cette édition constitue une révision
technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) correction d’'une erreur technique précédente concernant les conditions d’essai;
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b) mises a jour afin de refléter les progrés technologiques.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
47/2651/CDV 47/2719/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La Igngue employée pour I'élaboration de cette Norme internationale est I'anglais.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développétselon les
Direptives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles s$ous
www.iec.ch/members_experts/refdocs. Les principaux types de documents~developpés| par
I'lEQ sont décrits plus en détail sous www.iec.ch/standardsdev/publications
Unelliste de toutes les parties de la série IEC 60749, publiées sous le\titre général Dispositifs
a semiconducteurs — Méthodes d’essais mécaniques et climatiques, 'se trouve sur le site [web
de I'lEC.
Le cpmité a décidé que le contenu de ce document ne sera pasymnodifié avant la date de stabilité
indiquée sur le site web de I'lEC sous "http://webstore.iecyeh” dans les données relativep au
docuyment recherché. A cette date, le document sera
e reconduit,
e gupprimé,
e rnemplacé par une édition révisée, ou
e amendé.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de cdtte

pu

im

lication indique qu'elle) contient des couleurs qui sont considérées comme utile

rimer cette publication en utilisant une imprimante couleur.

IS a

ung¢ bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
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INTRODUCTION

Les produits électroniques portatifs s’adaptent aux segments du marché de consommation et
des portables. Les produits électroniques portatifs comprennent les appareils photo, les
calculatrices, les téléphones cellulaires, les téléphones sans fil, les appareils de messagerie,
les PC en format de poche, les cartes de I'association internationale pour la carte a mémoire
pour ordinateur personnel (PCMCIA — personal computer memory card international
association), les cartes a puce intelligentes, les assistants personnels numériques
(PDA — personal digital assistant) et les autres produits électroniques que I'on peut ranger de
maniére pratique dans la poche et utiliser en les tenant dans la main.

Ces|produits électroniques portatifs sont plus sujets a une chute au cours de leur durée dJa vie
utile| du fait de leur taille et de leur poids. Cet événement de chute peut non sewlement
provjoquer des défaillances mécaniques dans le boftier du dispositif, mais aussj créer|des
illances électriques aux cartes de circuit imprimé (PCB — printed circuit board) équipées
monjtées a l'intérieur du boftier, en raison du transfert d’énergie a travers |le§ supports RCB.
Les |défaillances électriques résultent parfois de divers modes de défaillances tels qud les
craquelures de la carte de circuit imprimé, les craquelures de pistes sur la carte, les craquelures
des [interconnexions soudées entre les composants et la carte et les fissures de composants.
Ce qui motive essentiellement ces défaillances est la flexion excessive de la carte de cifcuit
imprnimé en raison de I'accélération produite sur la carte par la chute du produit électronjque
portatif. Cette flexion de la carte provoque un mouvemenf relatif entre la carte ef| les
composants montés sur celle-ci, donnant lieu a des\ défaillances de composa3nts,
d'interconnexion ou de carte. La défaillance dépend de la ‘combinaison de la conception de la
, de sa construction, de son matériau, de son épaisseur et de sa finition de surfaceg, du
materiau d’interconnexion et de la dimension des supports de la carte et de la taille|des
osants.

La dorrélation entre les conditions d’essai et sur site n'est pas encore totalement établiel En
congéquence, la procédure d’'essai est actoellement plus appropriée pour une performance
relajive de composants que pour une utilisation en tant que critére d'acceptation/de refus. Plus
exagtement, les résultats peuvent étre utilisés pour accroitre les données existantes ou étpblir
une|ligne de base en vue d’efforts” d’investigation potentiels dans les technologied de
boitiers/cartes.

La ¢omparabilité entre les~différents sites d’essai, méthodes d’acquisition de données et
fabricants de cartes n’a pas“eéncore été totalement démontrée par les données existantes.|Par
congéquent, si les donnges doivent étre utilisées pour une comparaison directe de performance
de domposants, des (études adaptées seront d’abord réalisées pour prouver que les données
sonfl en fait comparables a travers les différents sites d’essai et conditions d’essai.

Cette méthodé&. n’est pas destinée a remplacer les essais de caractérisation compléte| qui
poufraient.incorporer des tailles d’échantillons beaucoup plus grandes et un nombre accr de
chutes, Dans le cas présent, en raison de la taille des échantillons et du nombre de chutes
limites\spécifiés, il est possible que des données de défaillances suffisantes ne soient|pas
pro
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. DISPOSITIFS A SEMICONDUCTEURS -
METHODES D’ESSAIS MECANIQUES ET CLIMATIQUES -

Partie 37: Méthode d'essai de chute au niveau
de la carte avec utilisation d'un accéléromeétre

La présente partie de I'lEC 60749 fournit une méthode d’essai destinée a évaluer et.¢éomp
la performance de chute des composants électroniques a montage en surface, dans
applications de produits électroniques portatifs dans un environnement d’essailaccéléré

une [flexion excessive d’'une carte de circuit imprimé provoque une défaillance, de produif.

but gst de normaliser la carte d'essai et la méthodologie d'essai pour fournir une évalua
reprpductible de la performance d'essai de chute des composants a montage en surface
reprpduisant les mémes modes de défaillances que ceux observés nofimalement au cours
essgi au niveau du produit.

Le présent document a pour objet de spécifier une méthode d’essai normalisée et
progédure de rapport. Il ne s’agit pas d’un essai d’homologation de composants et il n’est
desfiné a remplacer un essai de chute au niveau systéme quj‘est parfois utilisé pour homolo
un groduit électronique portatif spécifique. La norme_niest pas prévue pour couvrir I'essz
chute exigé pour simuler les chocs liés au transport et a la manipulation de compos
électroniques ou des cartes de circuit imprimé équipées. Ces exigences sont déja abord
dang des méthodes d’essai telles que celles de!JEC 60749-10. La méthode est applicable
aux [poftiers a montage en surface en groupement bidimensionnel qu’aux sorties localisée
périphérie du composant.

Cette méthode d’essai utilise un accélérométre pour mesurer la durée des chocs mécanig
et 'amplitude appliquée qui est proportionnelle a la contrainte sur un composant donné m
sur Wine carte normalisée. La méthode d’essai décrite dans I'|EC 60749-40 utilise une jaug
contrainte pour mesurer la contrainte et le taux de contrainte d’'une carte au voisinage
composant. La spécification du client indique quelle méthode d’essai est a utiliser.

2 Références normatives

Les documents,suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou p
de leur contehu, des exigences du présent document. Pour les références datées, s
I’édifion citée“s’applique. Pour les références non datées, la derniére édition du documen
réféfence s'applique (y compris les éventuels amendements).
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climatiques — Partie 10: Chocs mécaniques — Dispositif et sous-ensemble
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Partie 20: Résistance des CMS a boitier plastique a I'effet combiné de I'humidité et de la chaleur
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IEC 60749-20-1, Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et

climatiques — Partie 20-1: Manipulation, emballage, étiquetage et transport des compos
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pour montage en surface sensibles a l'effet combiné de I'humidité et de la chaleur de brasage
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3 Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'l[EC tiennent a jour des bases de données terminologiques destinées a étre utilisées

enn

IEC
ISO

ormalisation, consultables aux adresses suivantes:

Electropedia: disponible a I'adresse https://www.electropedia.org/
Online browsing platform: disponible a I'adresse https://www.iso.org/obp

3.1
com
disp

3.2

posant
Dsitif a semiconducteurs encapsulé (sous boftier)

enseémble simple face

cartg

3.3

p de circuit imprimé équipée dont les composants sont montés sur un¢seul cété de la d

cart
infé

3.4

de circuit imprimé équipée dont les composants sont moptés’sur les faces supérieu
eure de la carte

ens;mble double face
i

pro
en |

Note

télép
"orgal
(PCM
autre

3.5

uit que I'on peut ranger de maniére pratique dafis une poche (de taille suffisante) et uti
tenant dans la main

pro{uit électronique portatif

1 a l'article: Les produits électroniques portatifs’ comprennent les appareils photo, les calculatriceq
hones cellulaires, les appareils de messagerie, les'PC tenant dans la paume de la main (précédemment ap
niseurs de poche", les cartes de I'association\internationale pour la carte a mémoire pour ordinateur pers
CIA), les cartes a puce intelligentes, les.{éléphones mobiles, les assistants personnels numériques (PO
5 dispositifs de communication.

acce¢lération de créte

acce

3.6

Iération maximale au cours du mouvement dynamique de I'appareillage d’essai

dur

e d'impulsion

intefvalle d’accélération

iintefvalle de tenps entre l'instant ou I'accélération atteint pour la premiére fois 10 % de
nivepu de ctéte spécifié et I'instant ou I'accélération revient pour la premiere fois a 10 ¢
nivepu de créte spécifié aprés avoir atteint ce niveau de créte

3.7

arte

e et

iser

, les
belés
bnnel
A) et

son
b du

hauteur de chute d’une table de chute
hauteur de chute libre de la table de chute nécessaire pour atteindre I'accélération de créte et
la durée d’'impulsion spécifiées

3.8

événement
discontinuité électrique de résistance supérieure a 1 000 Q d'une durée de 1 ys ou supérieure

3.9

détecteur d’événement
appareil de controle de la continuité capable de détecter la discontinuité électrique de
résistance supérieure a 1 000 Q d’une durée de 1 ys ou supérieure
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4 Appareillage d’essai et composants d’essai

4.1 Appareillage d’essai

L’appareillage d’essai de chocs doit étre capable de procurer des impulsions de choc jusqu’a
une accélération de créte de 2 900 m-s~2 avec une durée d’impulsion comprise entre 0,3 ms et
8,0 ms au corps du dispositif et une variation de la vitesse de 1 250 mm-s~! & 5 430 mm-s~1.
Pour les essais a I’état libre, une variation de la vitesse de 1 250 mm-s~1 a4 5430 mm-s~! et
une durée d’'impulsion comprise entre 0,3 ms et 2,0 ms sont suffisantes. A 'inverse, pour les
essais a I'état monté, un appareillage capable d’appliquer au corps du composant une variation
de lavitessede 00 1A, _ C . :

et 8]0 ms est suffisant.

eture-durée-dimpulsion-comprise-entre ms

L'impulsion d’accélération doit avoir une forme semi-sinusoidale avec un écart admissiblg par
rapport a I’accélération de créte spécifiée inférieur ou égal a +10 %. La variatien |de la vitgsse
d’espai doit étre de £10 % du niveau spécifié. La durée de I'impulsion doit étre_mesurée gntre
les points a 10 % de l'accélération de créte pendant le temps de montée et a 10 % de
I'acqélération de créte pendant le temps de descente. Les tolérances-absolues de la dlrée
d’impulsion doivent étre égales a +15 % de la durée spécifiée. Le, transducteur du matgriel
d’espai doit avoir une fréquence naturelle supérieure a 5 fois la frequence de I'impulsiop de
chog établie et mesurée par l'intermédiaire d’un filtre passe-bas ‘dont la largeur de bandg est
supgrieure a 5 fois la fréquence de I'impulsion de choc établie, Le)filtrage ne doit pas remplacer
un bon montage de mesures et de bonnes pratiques de procédure.

Un étalonnage approprié du matériel doit étre effectué‘@vant tout essai.

4.2 | Composants d’essai

Le présent document couvre tous les dispositifs a semiconducteurs sous boitier a montage en
surface en groupement bidimensionnel et asorties localisées en périphérie de boftier, tels|que
les boitiers a billes (BGA — ball grid arrays), les boitiers a aires de brasure (LGA — land|grid
arrays), les boitiers de taille proche decelle des puces (CSP — chip scale packages), les boiliers
minges de faible encombrement (TSOP — thin small outline packages), et les boitiers minces
carrgs sans pattes (QFN — quad flat'no-lead packages) généralement utilisés dans les produits
électroniques portatifs. La dimension maximale du corps du composant couverte par le présent
docyment est généralementde 15 mm x 15 mm. Une dimension de corps plus importante peut
étre|utilisée pour une disposition de carte particuliere, comme cela est décrit en détail en|4.3.
Tous les composants utilisés pour cet essai doivent étre de type a connexion en chaine. Qette
connexion en chainé est établie au niveau de la puce ou en établissant des liaisong de
connexion en chaine au niveau de la grille de connexion ou au niveau du matériau de bpse.
Dang le cas de pucé sans chaine de connexion, une puce mécanique fictive doit étre utilisge a
I'intg@rieur du baftier pour simuler la structure réelle du boftier. La taille et I’épaisseur de la puce
doivent étrevanalogues a la taille fonctionnelle de la puce a utiliser dans I'application.|Les
materiaux,. les dimensions et les processus d’assemblage du composant doivent |étre
reprgsentatifs du dispositif de production type.

4.3 Carte d'essai

Sachant que la performance d’essai de chute dépend de la carte d’essai utilisée pour
I’évaluation, le présent document décrit une construction, des dimensions et un matériau de
carte d’essai préférentiels qui sont représentatifs de ceux utilisés dans les produits
électroniques portatifs. Dans le cas ou une autre construction ou un autre matériau propose
une meilleure représentation d’une application particuliére, la construction, les dimensions et
le matériau de la carte d’essai doivent étre documentés. Les données d’essai produites lors de
I'utilisation d’une telle carte doivent étre corrélées au moins une fois en produisant des données
identiques sur le méme composant par l'utilisation de la carte préférentielle définie dans le
présent document (voir les recommandations de I'Annex A).
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4.4 Assemblage de cartes d’essai

Avant I'assemblage des cartes, tous les dispositifs doivent étre examinés pour détecter des
billes manquantes ou des connexions pliées. L’épaisseur de la carte, le gauchissement et les
tailles des pastilles doivent également étre mesurés en utilisant un plan d’échantillonnage. Un
examen visuel doit étre réalisé sur toutes les cartes pour I'application du vernis épargne, la
contamination et la connexion en chaine. Il est recommandé d’examiner et d'accepter les cartes
conformément a une norme nationale ou internationale appropriée. Une carte doit également
étre utilisée pour mesurer les propriétés mécaniques (module et température de transition
vitreuse, Tg) de la carte a 'emplacement du composant en utilisant des méthodes d’analyse

mécanique dynamique (DMA — dynamic mechanical analysis) et d’analyse thermomécanique
(TMA - thermomechanical analysis). T est hautement recommandé de mesurer aussi le
coefficient de dilatation thermique (CTE - coefficient of thermal expansion) de la carte.dans les
seng X, Y, et Z. Les mesurages des propriétés mécaniques ne sont pas exigés pour-Chgque
lot de cartes, a moins qu’'un changement de processus de fabrication, de matériau ol de
fourpisseur n’intervienne de lot en lot.

Les | composants doivent étre étuvés selon I'IEC 60749-20 et I'IEC60749-20-1 ayant
I'asgemblage de cartes. Les cartes d’essai doivent étre assemblées enCutilisant les meillepres
mét:Iiodes connues du processus d'assemblage des circuits imprimés, représentatives|des

méthodes de production. Au moins une carte doit étre utilisée.‘pour régler le procéde de
montage de carte tel que le dépot de pate a braser par impression,‘le positionnement de la pate
et lg| profil de refusion. Tous les ensembles doivent étre a simple’face uniquement, sauf sijune
utiligation du composant dans les ensembles de cartes a fac€ en miroir est prévue. Danpg ce
cas,|les composants doivent étre montés sur chaque face(de la carte.

Un gxamen au rayonnement X 100 % est recommafdé& sur les unités assemblées pour véfifier
les \ides, les courts-circuits et autres anomalies. Lessai de continuité électrique doit également
étre|réalisé sur toutes les unités montées pour‘détecter tout circuit ouvert ou court-circuit.

4.5 | Nombre de composants et taille d’échantillons

La ¢onception de la carte recommandeée dans I’Annex A permet 4 emplacements pour le
monftage des composants et le montage des 4 composants est recommandé. Sachant qye la
cart£est congue avec une symétrie compléte, il est attendu que les 4 composants soient solimis
a unje performance de chute identique et de ce fait, les résultats des essais sont traités comme
un geul groupe. Une analysge statistique de I'équivalence des données est suggérée pour
gargntir que la variabilité_dans la performance des composants est insignifiante avant tout guivi
par |des données exhaustives ou une homologation compléte. Afin d’obtenir des résu|tats
signfficatifs sur le ptan/statistique, une quantité totale minimale de 6 cartes ou 24 compospants
est fecommandée, pour chaque conception.

Saclhant qué le' nombre et la taille des composants montés sur la carte peuvent influencer la
répgnse dynamique de la carte d’essai équipée au cours de la chute, il est exigé que|des
donmégs-supplémentaires soient fournies a chaque fois que la configuration a 1 composant est
empTovée. Les données supplémentaires doivent comparer directement I'effet du montagg de
composants facultatifs (cas a 1 composant) a la configuration de montage a 4 composants
privilégiée. Cette comparaison doit étre fournie pour un composant similaire du point de vue de
la taille (de I'ordre de 20 % tant en longueur qu’en largeur) au composant qui a été soumis a
I’essai en utilisant uniquement la configuration a 1 composant par carte.

Dans le cas d’'un montage a 1 composant sur la carte, le Tableau 1 doit étre utilisé pour
déterminer la quantité minimale de cartes assemblées exigée pour les essais et le nombre total
de composants a soumettre a I’essai. Des tailles d’échantillons supérieures a celles spécifiées
ci-dessous peuvent également étre utilisées pour produire des données statistiquement
suffisantes.
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Tableau 1 — Quantité de cartes d’essai et de composants exigés pour les essais

Nombre de cartes
Nombre de Assemblage Assemblage Nombre total de
composants Emplacement face A face B (sans trou composants
par carte (trou de liaison | de liaison dans la
dans la pastille) pastille)
4 U1, U2, U3 et U4 6 6 48
1 Centre de la carte 16 16 32

5 Procédure d’essai
5.1 Matériels et paramétres d’essai
L'appareillage d’essai aux chocs doit étre monté sur une table de laboratoire‘robuste, od sur
un support équivalent, et avec une mise a niveau avant utilisation. Des dispositifs doivent|étre
fournis dans I'appareillage (tels qu'un mécanisme de freinage automatique) pour éliminef les
rebgnds et pour prévenir les chocs multiples sur la carte. La Figure T\représente I'appareillage
d’espai de chute type dans lequel la table de chute effectue unecourse descendante sur|des
tigeg-quides et vient heurter I'installation rigide. L’installation rigide est généralement couverte
d’un| certain type de matériau pour obtenir les niveaux d’'impulsion et d’accélération souhaftés.
La partie inférieure de la table de chute est habituellement [égérement arrondie pour garantir
une [trés petite zone de contact avec la surface d’'impact.
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d) Conception d’échantillons avec supports
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a) Appareillage d’essai
de chute type

b) Installation de précaractérisation
sans carte d’essai

Figure 1 — Détail de I’appareillage d’

IEC

c) Installation d’assemblage avec carte

essai de chute

Une plaque de base avec des supports adaptés doit é&tre montée de maniére rigide sur la table

de chute. L’épaisseur et les emplacements de montage
sélectionnés de sorte qu’il n’y ait aucun mouvement relatif
quelle partie de la plague de base au cours de I'essai de ¢

de la plaque de base doivent étre
entre la table de chute et n'importe
hute. Cette plaque sert de structure
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de montage pour les cartes de circuit imprimé équipées. Cela est représenté a la Figure 1. La
carte de circuit imprimé équipée doit étre montée sur des supports de la plaque de base au
moyen de quatre vis, une a chaque coin de la carte. La carte doit é&tre montée au moyen de
quatre vis a épaulement de précision adaptées (telles que M3 x 0,5). Les données d’essai
suggeérent que les variations de I’accélération de la réponse et de la contrainte sont réduites de
maniére significative en fonction du choix des vis. Etant donné que la longueur d’épaulement
est nominale, un certain nombre de rondelles doit étre placé entre la téte de vis et la surface
supérieure de la carte (épaisseur de 1,0 mm nominale) pour éviter tout espace entre la partie
supérieure des supports et la surface inférieure de la carte. Du fait de 'empilage de tolérance,
un petit espace est toutefois possible mais celui-ci ne doit pas dépasser 50 um. L’utilisation de
vis a épaulement élimine la nécessité de resserrer les vis entre les chutes. Les vis doivent étre
serrges selon un schéma diagonal dans l'ordre des coins SO, NE, SE et NO de Ta carte. L& vis
doit tre serrée jusqu’a ce que I'épaulement de la vis atteigne son plus bas niveau en se ptagant
contre le support. Le nombre de rondelles utilisées doit étre le méme pour I'ensémble|des
quatre vis. Un gabarit adapté pour la carte peut étre utilisé a la place du montage)de la qarte
dire¢tement sur la plaque.

L’expérience avec différentes orientations de carte suggére que l'orientation horizontale de la
cart¢ dont les composants sont orientés vers le bas donne lieu a une flexion maximale de la
cart¢ (PCB) et, de ce fait, a l'orientation la plus défavorable pourt les défaillances.|Par
congéquent, le présent document exige que la carte adopte une orientation horizontale et[que
les gomposants soient orientés vers le bas au cours de I'essai. Lessai de chute selon une gutre
orieptation de carte n'est pas exigé mais peut étre réalise-si cela est jugé nécessaire.
Cependant, il s’agit d’'une option d’essai additionnelle guivhe remplace pas I'essai dans
I'orig¢ntation exigée.

Le drésent document exige la condition d’essai B {15000 m-s~2, 0,5 ms de durée, impulsion
semj-sinusoidale), comme cela est répertorié dans le Tableau 1 de I'IEC 60749-10:2022,
comme l'impulsion de choc en entrée sur I'assemblage de circuits imprimés. Il s’agitl de
I'impulsion de choc appliquée a la plaque de-base et elle doit étre mesurée par I'accéléroniétre
monté au centre de la plaque de base ou"a proximité des montants supports de la cartd. La
variation de la vitesse de I'impulsion deichute doit également étre controlée et maintentie a
4,67 m/s. Le calcul de la variation de_la-vitesse est défini par I'impulsion effective pour laquyelle
I'acdélération doit étre égale ou supérieure a 1 500 m-s=2, comme représenté a la Figule 2.
Auclin rebond n’est admis dans.ce calcul.
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