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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MECHANICAL STANDARDIZATION OF SEMICONDUCTOR DEVICES -

Part 6-19: Measurement methods of package warpage at elevated
temperature and the maximum permissible warpage

FOREWORD

transparently to the maxim
between any IEC Publicatiod
the latter.

regional publication shall be clearly indicate

IEC provides no marking\procedure to indicate_it
equipment declared to be in ¢onforiwity with>an IEC\R

approval and cannot be rendered responsible for
ublication.

All users should dition of this publication.

No liability shall attag i i mployees, servants or agents including individual experts
members of its techhita i S National Committees for any personal injury, property damag
pbther damage of{an 3 t whether direct or indirect, or for costs (including legal fees)

use of, or reliance upon, this IEC Publication or any other

patent rights. ot be held responsible for identifying any or all such patent rights.

PAS is\a“technical specification not fulfilling the requirements for a standard but ma

availabfe, to the public.

and regional publications. Any divergence

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizqtion compriging
all national electrotechnical committees (IEC National Committees). The obj to promote
nternational co-operation on all questions concerning standardization in the elect ic fields| To
this end and in addition to other activities, IEC publishes International Stardard icatipns,
Technical Reports, Publicly Available Specifications (PAS) and Guide F as ‘|EC
Publication(s)”). Their preparation is entrusted to technical committees; i ted
n the subject dealt with may participate in this preparatory work. | on-
governmental organizations liaising with the IEC also participate i bely
ith the International Organization for Standardization (ISO) in aecord by
pgreement between the two organizations.
[The formal decisions or agreements of IEC on technical mat nal
consensus of opinion on the relevant subjects since eac all
nterested IEC National Committees.
[EC Publications have the form of recomgnhendation nal
Committees in that sense. While all reasoha [EC
Publications is accurate, IEC cannot be held responsjble any
Imisinterpretation by any end user.
In order to promote international uniformit ons

din

any

and
P or
and
|[EC

Publications/

Attentiop ormative references cited in this publication. Use of the referenced publicationp is
ndisp&nsabie fior thewcorrechapplication of this publication.

Attention issdrawn, to\theNpeSsibility that some of the elements of this IEC Publication may be the subjedt of

de

IEC-PAS 601I9T-6-19 was submitted by the JEITA (Japan Electronics and tnforma
Technology Industries Association) and has been processed by IEC subcommittee SC47D:
Mechanical standardization for semiconductor devices.

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

Draft PAS Report on voting
47D/691/NP 47D/707/RVN

on

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of three years starting from the
publication date. The validity may be extended for a single three-year period, following which
it shall be revised to become another type of normative document or shall be withdrawn.

@%
S
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1

MECHANICAL STANDARDIZATION OF SEMICONDUCTOR DEVICES -

Part 6-19: Measurement methods of package warpage at elevated
temperature and the maximum permissible warpage

Scope

This PAS stipulates the package warpage criteria and the package warpage measurement

methods at elevated temperature for BGA, FBGA, and FLGA

Th
Fo

JE

Fo

3.1
me
are

NO
zon|
out
the

NO
sub)
the

Normative references

b following referenced documents are indispensable for the apf
dated references, only the edition cited applies. For undated
he referenced document applies.

TA EDR-4701/301, Resistance to soldering heat for surfac

Terms and definitions

the purposes of this document, the ¥« i \ pitions apply.

asuring zone
a to be measured to d

[E 1 For the packages| whosg | an 0,1 mm, such as BGA and FBGA, the measu
e is the area where termi ; a is bordered by the lines connecting the centers of
ermost neighbori a/dep balls (see Ki Figure 2). If there are thermal balls at the package cen
r area is also consideree syring zone

eight is 0,1 mm or less, such as FLGA, the measuring area is
(see Figure 3, dimension L). The width of this margin L depends

ring
the
tre,

the
on
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NOTE The hatched area indicates the measuripg zone.

Figure 1 — Measuring zone ofB = full grid layout

[9]
T
i

E

H

no

w
=<

Figure 2 — Measuring zone of BGA and FBGA perimeter layout
with 4 rows and 4 columns
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NO
on

3.2
cohvex warpage
arghed top surface (no

NO[TE The sign of the con

3.3
cohcave warpage
inward-curving top

NO

3.
pagkag

positive displacement)and the largest negative displacement of the package profile on b
measurement zone diagonals

NOTE , Thése diagonals are regarded as base lines connecting the outermost opposite corners of the measu

ing

est
oth

ring

zonk. Tthe sign of the package warpage is defined as the sign of:

(ABmax+ABmintCDyax+CDwin)

ABwax is the largest positive displacement and ABwn is the largest negative displacement of the package profile on

the diagonal AB; (The sign of ABuax is plus and AByn is zero in Figure 4.)

CDwax is the largest positive displacement and CDwn is the largest negative displacement of the package profile on

the diagonal CD; (The sign of CDwuax is plus and that of CDwn is minus in Figure 4.)

The concave or convex impression of the package warpage can differ from the above defined sign, in critical cases.
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CDwin

ABMAXI
ABuin=0 < >
Measuring zone diagonal
Figure 4 — Calculati
3.5

pagckage warpage

E)

difference of the largest positive and ge

warpage in the measuring” 2qne /wi ge

wafpage sign

NOTE This reference plang is\deni ing th square method with the measuring zone data. For exampple,

the Jabsolute value of Ahe pas g is\obtaiped by the sum of the absolute value of the largest positive

displacement |A] @‘ 2 ative \displacement |B|. This is in respect to the reference plane
as shown in Figure 5. Package warpage sign precedes lcl.

whiEh is derived by usirg

Reference -

plane W ; T
“Measuring zone

=

Convex

Figure 5 — Package warpage
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4 Sample

4.1 Sample size

At least three samples are required for each measurement condition.

4.2 Solder ball removal

If the measurement method of the package warpage requires the elimination of the solder

ba ib fIUIII d pabkagc, It ib IU\.,UIIIIIIUIIUIUUI tU ustc IIIUbiIdII;bdi IUIIIUVdi Id“lcl t;ldll ;IUt lUﬂUV\A. |f
thg samples are prepared without solder balls for the convenience of the measurement,)the
pat¢kage shall be subjected to the thermal history of the solder ball attachm

4.3 Pre-treatment conditions

The bake and moisture soak conditions shall conform to the S y level
spg¢cified in JEITA ED-4701/301. The peak temperaturg C e warpage
melasurement shall meet the specification of the product.

4.4 Maximum time after pretreatment until measuyé

It i$ recommended to measure the warpage no longe pretreatment.

4.9 Repetition of the reflow cycle

The same sample shall not be subjected of the reflow cycles. The sample ¢an
only be subjected to more than one cyt : yeasurement, if reproducibility of test
dafa was evaluated prior t

5 [Measurement

5.1 General de@ i

The package warpage : hadow moiré method” or “laser reflection method”.
Samples are 5 iag and cooling while measuring the package warpage at the
temperatures\specifiad . he measurement points shall not be on the crown of solder
balls bufon™the substratesurface of the package. Only when the behaviour of the top surface
of the package rking surface) is verified to coincide with that of the substrpte
sufface, the measuregent on the top surface is allowed.

5.2 Temperature profile and the temperatures for measurements

5.2.1{The temperature profile for the warpage measurement does not necessarily simulate

thatforproduction. Higher priorities are ptaced on

— maintaining the temperature constant during the measurement,

— never exposing the samples more than necessary duration at high temperature. Samples

shall be proceeded to the next measurement as soon as possible,
— avoiding a temperature surge to prevent the overshoot, and
— Minimizing the temperature difference between the top and bottom surfaces.

5.2.2 The temperatures for measurements are as follows:

— room temperature;

— melting point;
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— peak temperature;

— solidification point;

— room temperature after cool down.

The melting point and the solidification point are 220 °C for Sn-3.0Ag-0,5Cu solder as a
reference. Other solder composites may take different temperatures. The peak temperature

basically conforms to the package classifications specified in JEITA ED-4701/301, but to be
exact, it shall follow the supplier’'s recommended max temperature.

sed.

5.2.4 The thermocouple is attached on the centre of the package body ug Qi by
comductive epoxy or heat-resistant polyimide tape. When polyimide tg ally
comnductive sheet shall be applied between the thermocouple bead and\the p@a to

5.2.5 When a measuring instrument is being set up, the temyerat of
i - ate
the

temperature profile.

warpage measurement
side)

Package

Thermocouple on the
molded side for temporary
measurement of the
temperature

Heater si

5.3 Measure

5.3.1

Solder émoved prior to the measurement on the substrate surface.
M<1asurements 2 onducted by placing the grating (low CTE glass with transparent and
opaque stripes) parallel to the sample. Then, the projection of light beam at an angle| of

of |the \stripe pattern through the grating results in the moiré fringe pattern (geome}fric
interference pattern). Image processing and the analysis of the patterns provide the
displacement from planarity over the substrate surface. The instrument is capable of setting
the measuring zone and measuring the warpage at elevated temperatures including the peak
temperature.

approximately 45° through the grating produces the stripe pattern on the sample. Observa}ion

5.3.2 Laser reflection method

Solder balls shall be removed when the solder ball pitch is not large enough for the laser
beam to measure the warpage on the substrate surface. Samples are placed on the
measurement table. The displacement from the flathess is measured by the laser
displacement sensor. The warpage is generally measured by scanning the laser beam over
the terminal lands or between balls throughout the measuring zone. The grid pitch of the
measurement points is preferably less than the solder ball pitch. The instrument is capable of
setting the measuring zone and measuring the warpage at elevated temperatures including
the peak temperature.
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5.3.3 Data analysis (data table, diagonal scan graph, 3D plot graph)

The magnitude of the warpage is obtained from the data table of the measurements or 3D plot
graph (warpage distribution diagram over the measuring zone). The sign of the warpage
(warpage direction) is then determined from the diagonal scan graph and precedes the value.

6 Maximum permissible package warpage at elevated temperature

The criteria for maximum permissible package warpages (absolute values) for BGA and FBGA
ar cpnr-ifinri n-Table 1’ and those for EL GA _are epnnifind inTable 2

Table 1 - Maximum permissible package warpages for BGA BGA
N irr(enﬂion (n millimegres

sdider ball pitch 0,4 05 | 065 \&\8 1b> 1,27
Cdndition of ball height 0,20 025 | 035 }\35 \@\40 060 | d.e0
Maximum permissible package warpage 0,10 0,11 0,1 O\Iék 0,1)\/ 0,22 d,25
(apsolute value) <
Yé
Table 2 - Maximum permissible package warpage r FLGA
{\ Q Dimensions in millimefres
Land pitch 0| d5 | 065 08

Condition of thickness of molten s?rﬁé? paste }}}Qs 0,10 | 0,11 0,13
Maximum permissiblg package wanpag \Qﬁé 0.10 0,11 0,13
(absolute value) /e\ /\

— |temperature dependency of the package warpage (see Figure 7),

— | surface topography at each temperature in 3D plots (optional),

NOTE 1 If the sign of warpage is opposite, explanation is required; see Figure 8.

— diagonal profile of the package at each temperature (optional),

NOTE 2 If the sign of warpage is opposite, explanation is required; see Figure 8.
— explanatory figure of the sign of the package warpage (optional),
— temperature profile for measurement,
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7.3 Example of data sheets

Average warpage

for xxxx & yyyy W

80
&

(e
[ O
-70
25G 150G 220C 260C 220C /qu‘p 25¢
== cxAVG -178 -46 -55.7 -44 -47 REN N3
— -215 -462 -58.7 -518 -485 \\32 —21\8\

Figure 7 — Temperature dependency of the pagkage a\e>

@%
S
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Room
temperature

(150 °C)
(Preheat
temperature,
for reference)

220 °C
Melting point

260 °C
Reak temperature

2p0 °C
Splidification point

(150°C) Q
(Tg of PWB,

forjreference)

Ropm
temperature

NOTE
The signs in the 3D plots
and in the diagonal pfofile
are different to the pgckage
warpage sign due to the
dead bug position in the
measurement.

OO ONONONONONDN O

Figure 8 — Recommended data sheet
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Annex A
(informative)

Explanatory notes

NOTE Annex A is intended as an explanation of this PAS and also of related issues.

A.1  Purpose of the establishment

ts,
g of
GA
at
his
ow
the
Migration to thinner package body, finer pitch balls and Jleadkfree al has increaged
patkage warpage during the reflow process and rais k ‘ 9 solder joints| or
solder bridges between balls. It is known that the mg is motisturized, the more the
patkage warps. The Subcommittee reached an agre Y sefhiconductor suppliers
ShnTUId specify the maximum permissihle pac age \w 0 evated temperature. If is
similar to the package delaminatiog ess. This PAS aimed| at
agfteement of common terms, unificatio methods and establishment of the
criferia.

A.2 History of delib

Previously, the techni k sed’ on the standardization of dimensions| of
patkages. Recenk exp ) this subcommittee into the field of package
relfability has @r izati acCtivity on the package warpage at elevated

temperature, as reque

-

Th izat the measurement method of the package warpage| at
ned on 23" June 2005. The activity plan was to establish a
standard for 0-0\ measurement by April 2006, as phase 1, and criteria |for
wafpage/by~December 2006, as phase 2. The deliberations started by listing the factors that
might affeet meagsukement methods and gathering experimental data from task force membgrs.
After evaluafing aII factors, the PAS was drafted. During deliberations, the task force referfed
task force discussed the measurement method based on this
basic policy of maintaining international harmonization.

spéecification/with th

A. Brief content of deliberations

A.3.1 Measurement methods of the package warpage at elevated temperature

The task force reached agreement on the following facts after reviewing the experimental data
from member companies:

a) The absorption of moisture increases the magnitude of the warpage.

b) There is stronger correlation of the magnitude of the warpage with temperature rather
than the temperature profile including duration of heat stress or temperature ramp rate.
Also if the temperature profile in the measurement simulates the reflow temperature
profile forcibly, high temperature ramp rate may cause temperature overshoot or larger
temperature difference between the top and bottom sides of the package, making the
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measurement inconsistent. Therefore, the approximation of the temperature profile to
the reflow condition is not a high priority.

The warpage data for re-measurement are usually consistent, but some reports claimed
poor reproducibility in re-measurement. Therefore, the repetition of the measurement
cycles to the same sample is not recommended.

Warpage data measured by the shadow moiré method agreed with those measured by
the laser reflection method as far as the measuring zone was concerned.

It was confirmed that 0 h to 5 h waiting time after pre-treatment and until measurement
did not show any difference in measurements.

sed on these agreements, the measurement methods and conditions of package warpage
blevated temperature were established and agreed.

.2 Maximum permissible package warpage at elevated tempé

This PAS was initially drafted as a standard for the measurement m , ge
ang it was planned to specify criteria in each package{desi i S the
sulbcommittee decided to specify the maximum permissible pac age i A,
an} FLGA in this specification. This was because a comp 9 i an
ovegrall explanation for the budget allocation of the maxim ell-
aligned criteria by ball pitch

Fo
rel

pa¢

Th
sol
sol
giv
sol
wa

bie

en

& gh
permissible package warpage of BGA is
hat does not cause open solder jointg or
ent is reserved for a tolerance of the PY\VB

b task force drafted the PAS based
der joints and solder b 'dges
dering the artificially W
en 80 % of the maxi

On issible package warpage of FLGA is defined to|be
100 cement. It is defined to be the height of the molten
sol ¢ open-solder joints. Any tolerance is reserved for the
wa ‘ aximum permissible warpage is already very close to the
coplanari Jui wplies how difficult it is to mount FLGA. There are some means
to : Y erance to allow for some PWB warpage, such as thick pre coa}ed
ter esering\sormecollapse height of FLGA during reflow. However, this specificafion
dog

.3 Open solder joints after BGA board level assembly

pbehaviours of package warpage and solder paste during the reflow process are descrilyed

tollows:

NOTE BGA is used to illustrate such behaviour as it indicates larger warpage at elevated temperature.

a)

b)

The package shall be flat with acceptable coplanarity at room temperature and PWB is
ideally flat in all conditions.

Package warpage increases with rising temperature. Just below melting point, some
solder balls crowns may even separate from the surface of the solder paste at the
package corners, where the warpage is greatest.

As temperature rises further and exceeds the melting point of solder, the solder balls and
paste melt and collapse.

Even if the crowns of some solder balls separate from the solder paste at just below
melting point, the collapse of the balls produces good solder connection with the activated
solder paste.
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f)

Bearing in mind points a) to f),
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Acceptable solder joints are formed after reflow.

(E)

Where the package warps in excess of expectations, the crowns of these balls does not

touch the paste when the balls collapse; it causes the open solder joints.

if the sum of package warpage at elevated temperature and

the lowest stand-off height is smaller than the sum of the original solder-ball height and the
thickness of the molten solder paste, good solder connection can be expected after the board
assembly, and vice versa (see Figure A.1).

NO
hei

3.4 Solder ball bridge

I—lighgsf Jininf L owest Jir\inf
Nominal solder joint height of BGA height of BGA

height of ideally flat _without open
package

_ witho

solder joints

Original
solder ball
height
+

\deally flat seating pl Molten
eally 11at seating plane Soldélkfgq

e occurrence of th
reflow proce

joint

ing

a) | If the package the
melting point,

b) are

C) but
are sii

d) | When the-gdiametexs of the collapsed balls expand beyond a certain percentage of the ball
pitch (80y% of the/ball pitch obtained from experimental data), the failure rate of the short-
circuitsiincreases.

Therefore, the maximum relative displacement of the package without the solder bridge is the

differencebetweenmtheheightof the—stretched batts—(thehighestjoimtheight)anmdthatof the

flattened balls (the lowest joint height) whose diameter is 80 % of the ball pitch (see
Figure A.2).


https://iecnorm.com/api/?name=2f5e8d9b02e2853917472c58de11dd18

PAS 60191-6-19 © IEC:2008(E) —17 -

Highest ball Lowest ball
L ) height of BGA height of BGA
Nomlnal joint height of without solder without solder
ideally flat package —1 bridge.  bridge.
: i Empirical Ball pitch>Ball
L data width
P # d d
: : 1 Nominal joint Empirical data:
Idnnll\/:ﬂm‘ \ ! height x 1.3 Pitch x 0.8
seating plane

NOTE 1

6 joint
heights of BGA package mounted on an ideally flat seating plane, where none of the soldenjoints<bri

NOTE 2 Constants of calculations are obtained from the experiment and use

A.3.5

a) | The maximum permissible package 1,
which is calculated from the expe

b) [ Given that PWB is an ideally flat seati i om
the seating plane is the differenc GA

¢) [ The maximum permisgibl A %
of the maximum r v i$ > pall
bridges have not app . Thé o—is/for permissible warpage of PWB. The ratio

reflects the djfficu
elevated temp
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Table A.1 — Maximum permissible package warpage for BGA and FBGA -
Explanatory table

Dimensions in millimetres

Solder ball pitch 0,4 0,5 0,65 0,8 1,0 1,27
Condition of solder ball height? 0,20 0,25 0,33 0,35 0,40 0,50 0,60
Condition of solder paste thickness after reflow® 0,08 0,10 0,11 0,13 0,14 0,15
Nominal solder joint height of the ideally flat package 0,18 0,23 0,29 0,31 0,36 0,43 0,5
Highest solder joint height of BGA without open solder 0,28 0,35 0,44 0,48 0,53 0,64 0,75
join®

Low (gst solder joint height of BGA without open solder 0,16 0,20 0,25 /f 0,31 0,37 0,44
joing

Hig

A~
hest solder joint height of BGA without solder bridge® 0,24 0,29 0,3?/\ 0,40 \0,\46 0,55 0,66

Lowest solder joint height of BGA without solder bridgef 0,12 0,15 0,2})\ \)\?\‘{ 2\'3\, 0,28 0,34

Ma relative displacement of BGA without open solder 0,12 0,15 0,19 \O, 1 \0% 0,27 0,31
joinf9 /\ N

Max relative displacement of BGA without solder bridge" 0,12 /—Q@\ \GXB 21 0,21 0,28| | 0,32
Max permissible package warpage 0,70 11 M),W 0,17 0,22 0,25
(Abkolute value) /\ (7 ‘"

Copglanarity at room temperature (for reference{f < \ 0(68 kod&) MO 0,10 0,10 0,20 0,20

- 0,10mm for 0@ i
-0,12mm for 0,5

- 0,15mm for 0,8/mrx,

Opening diayte{er ft

It follows th speM)n in JWDRJIMS and JEITA EDR-7316.

It is the thitknesses\of molten solder paste on copper lands without any component attached, supposed|50 % of

It is the sum the solder ball height and the molten solder-paste thickness, where the solder connecfions are
mmune fromiopen sircdit.

It is 87% of the nominal standoff height of the ideally flat package. The ratio is obtained from the empifical data
taken.from the intentionally concave-warped sample.

taken from the intentionally convex-wared sample.

It is the sum of the molten solder and the solder ball height of which ball diameter is 80 % of the ball pitch. It is
because the ball does not cause short circuit, if the balls do not collapse more than 80 % of the ball pitch

It is the difference between the highest and the lowest solder joint height, where open solder joint is not seen.

It is the difference between the highest and the lowest solder joint height, where solder ball bridge is not seen.

It is 80 % of the maximum relative displacement.

A.3.6 Maximum permissible package warpage of FLGA

Given that PWB is an ideal seating plane, the maximum package warpage is defined to be the
thickness of molten solder paste (see Figure A.3). However the maximum permissible
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