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Part 43: Test method of electrical characteristics after cyclic bending

deformation for flexible micro-electromechanical devices
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FOREWORD

hternational Electrotechnical Commission (IEC) is a worldwide organization for standardization cg

eration on all questions concerning standardization in the electrical and electronic fields. To this
lition to other activities, IEC publishes International Standards, Technical Specifications, Technical
Cly Available Specifications (PAS) and Guides (hereafter referred to as HEC Publication(s)
ration is entrusted to technical committees; any IEC National Committee interested in the subject ¢

mprising
rnational
end and
Reports,
"). Their
ealt with

articipate in this preparatory work. International, governmental and non-governmental organizations liaising

he IEC also participate in this preparation. IEC collaborates closely withthe International Organiz
ardization (ISO) in accordance with conditions determined by agreemeéent-between the two organiz

brmal decisions or agreements of IEC on technical matters expres$; as nearly as possible, an inte
bnsus of opinion on the relevant subjects since each technical_committee has representation
sted IEC National Committees.

Publications have the form of recommendations for interfational use and are accepted by IEC
hittees in that sense. While all reasonable efforts aresmade to ensure that the technical contej
Cations is accurate, IEC cannot be held responsible,for the way in which they are used or
terpretation by any end user.

Her to promote international uniformity, IEC National Committees undertake to apply IEC Pul
barently to the maximum extent possible in their national and regional publications. Any divergence
EC Publication and the corresponding national or regional publication shall be clearly indicated in t

tself does not provide any attestation of\ conformity. Independent certification bodies provide ¢
sment services and, in some areas,(access to IEC marks of conformity. IEC is not responsiblg
es carried out by independent certification bodies.

ers should ensure that they havé.the latest edition of this publication.

hbility shall attach to IEC or\its directors, employees, servants or agents including individual exg
bers of its technical committees and IEC National Committees for any personal injury, property dg
damage of any natufelwhatsoever, whether direct or indirect, or for costs (including legal f
hses arising out of(the publication, use of, or reliance upon, this IEC Publication or any o
Cations.

tion is drawn te\the Normative references cited in this publication. Use of the referenced publid
ensable forthe correct application of this publication.

iraws attention to the possibility that the implementation of this document may involve the u
t(s). /EC, takes no position concerning the evidence, validity or applicability of any claimed patent
ct thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(

ation for
ations.

rnational
from all

National
t of IEC
for any

lications
between
he latter.

nformity
e for any

erts and
mage or
bes) and
her IEC

ations is

te of (a)
rights in
5), which
epresent

the I3
shall

bé\required to implement this document. However, implementers are cautioned that this may not n

not be held responsible for identifying any or all such patent rights.

>.ch. IEC

IEC 62047-43 has been prepared by subcommittee 47F: Micro-electromechanical devices, of
IEC technical committee 47: Semiconductor devices. It is an International Standard.

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

Draft Report on voting

47F/459/FDIS 47F/464/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
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The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62047 series, published under the general title Semiconductor
devices — Micro-electromechanical devices, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
Stab|l|t3 daota indicaatad ~n t!—\n II:f‘ wabaita ndao sobhotara ICI\ ch in thc du ta .'C!G’C tO the

Gate—Hhatcatea—oh =o—WebSHe—dhaer—wenStotre- T

specifi¢ document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page.of this document ind|cates
that itf contains colours which are considered to be usefulfor the correct understarding
of its |contents. Users should therefore print this document using a colour printer.
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In the re

INTRODUCTION

cent trend toward ubiquitous sensor society and the world of internet of things, demand

and thus the market for softer electronic devices are quickly expanding. That is what flexible
micro-electromechanical devices are for, some of which are already released into the market.

Even a

so-called foldable device is under development and will soon appear in the market.

However, to operate trillions of such devices for the comfort and safety of human beings, the
reliability of the individual devices is a critical concern. Especially in the case of flexible devices,
robustness against bending deformation is an important issue which will be shared among all
the producers and users of such devices. In addition, since such devices are bent usually not
only once but some numbers of cycles, information on performance deterioration along with the

number

of cycles is also important.

In order to understand how safe a situation is, even after numbers of cycles, performance
deteriofation behaviour of those devices as a function of loading levels and cyclés, needs to be
evaluafed so as to ensure secure operation during expected service periods)This s{andard
procedlire of testing is designed with the emphasis on such points and withith€é ‘applicabjlity not

only to
functiof

already emerging flexible devices but also to so-called foldable. devices which still
even when the device is folded.
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SEMICONDUCTOR DEVICES -
MICRO-ELECTROMECHANICAL DEVICES -

Part 43: Test method of electrical characteristics after cyclic bending

deformation for flexible micro-electromechanical devices

1 Scope

This part of IEC 62047 specifies the test method of electrical characteristics after cyclic
deformption for flexible electromechanical devices. These devices include passivg
compoments and active micro components on the flexible film or embedded in the flexik
The depired in-plane dimensions of the device for the test method ranges typically fron
to 300 mm and the thickness ranges from 10 ym to 1 mm, but these are notlimiting valu
test mg¢thod is so designed as to understand and further visualize thexentire perfo
deteriofation behaviour after cyclic bending deformation in a c¢oncept of 3D

Performance — Severity of bending — Number of cycles) plot over thelloading space of s
of bending and number of repeated cycles. This document is essential to estimate safety
over the operation period under a certain level of cyclic bending deformation and indisp¢
for religble design of the product employing these devices.

2 Normative references

The following documents are referred to in the text,in such a way that some or all of their
constitdites requirements of this document. For'dated references, only the edition cited 3
For urTgated references, the latest edition of the referenced document (includi

amendinents) applies.

IEC 62047-35:2019, Semiconductar, devices — Micro-electromechanical devices — Part 3
method of electrical characteristics*under bending deformation for flexible electro-mec
devices

3 Tefms and definitions
For the| purposes, ofithis document, the following terms and definitions apply.

ISO anfl IECimaintain terminology databases for use in standardization at the fg
addresses;

ending

micro
le film.
N 1 mm
bs. The
rmance
P-S-N:
everity
margin
nsable

content

pplies.
g any

5: Test
hanical

llowing

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1

dmax

maximum folding distance

maximum distance between two loading walls, representing severity of bending, i.e.
level, applied to the device, as indicated in Figure 1

loading


https://www.electropedia.org/
https://www.iso.org/obp
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3.2

dmin

minimum folding distance

minimum distance between two loading walls, representing severity of bending, i.e. loading
level, applied to the device, as indicated in Figure 1

Note 1 to entry: The degree of bending given to the device is here represented by the distance between two walls
approaching close to each other to bend the device, which is denoted as folding distance.

Note 2 to entry: This measure may be optionally converted to the radius of curvature r and also converted to the
bending strain € given around a bending axis. The strain is one of the suitable parameters for estimating the damage
of materials through cyclic mechanical loading. But here it may not be uniform between the two walls especially when
the rigidity distribution around the bending axis is not homogeneous due to the heterogeneity of structures. The
nominal gatueof the Tadius s proportiomatto the distance, and the bendinmgstraimm 151 imverse proportipn to the
radius. Thus, the maximum of nominal bending strain occurs at the minimum folding distance.

3.3
shuttlg range
travel distance of moving wall, as indicated in Figure 1

w

IEC

1 shutt|le range
2 mininpum folding distance

3 maximum folding distance

Figure-1'= Schematic explanation of cyclic bending test

4 Tept piece

4.1 General

Flexibl¢ MEMS device, which is bent in use, can be in principle a test piece as it is and supjected
to the evaluation of this document. In principle, this test-method is applicable without restriction
on size and shape of devices. However, for the ease of load application, it may be cut into a
rectangular shape with target parts to be loaded at the centre as mentioned in 4.2.

4.2 Shape of a test piece

A rectangular shape of test piece should be used for the ease of experiment as shown in
Figure 2. It can be necessary to cut out a part of devices for the test, especially when the target
part to be tested, which determines its own functional feature, is not located in the centre of the
device. In this case, the test piece shall be prepared in a rectangular form by cutting a part out
of the entire device with the target part located at the centre of two parallel edges which should
also be parallel to the bending axis. This is because the point to be loaded to the end is limited
in this test method only along the bending axis likely coming out at the centre due to the loading
scheme explained in 5.1.
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In this document, the length / and the width w of test piece is the dimension of the test piece in
perpendicular and parallel direction to the bending axis, respectively. Because of the structures
assembled on or embedded in the flexible substrate, the thickness can be not uniform over the
entire device and hence depends on the location.

NOTE Length and width could be interchangeable when bending axis is rotated by 90 degrees, which are
symbolically illustrated in Figure 3.

IEC

-

target part
interqonnects
electfodes
flexible substrate
bend|ng axis
bend|ng direction
length

width

© 00 N o o b~ W N

thickmess

Figure 2 — Schematic illustration of flexible MEMS test piece
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IEC

a) 0-degree condition b), 90<degree condition

Key

N

target part
bend|ng axis

bend|ng direction

A W N

length

Figure 3 — Selection of bending axis

5 Tept method

5.1 rinciple

IEC

hserted

Principles of loading te the test piece are illustrated in Figure 4. The device shall be i
betweeph two walls sliding closer to each other as illustrated in Figure 4 a). Then let the d
between two wallsite. folding distance d, be gradually shorter as shown in Figure 4

istance
b) until

finally feaching'miinimum folding distance in between as in Figure 4 c). Then let the twjo walls

go backwardd{o.the maximum folding distance in Figure 4 a) and keep on cyclic loading b
the minimumjand maximum folding distances, i.e., in the shuttle range. After a certain
of cyclgs,<evaluate the device performance at the minimum folding distance and cons

etween
humber
ecutive

maximun fotding distance.
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a) Apogee b) in-between c) Perigee

Key
1 foldin
2 testqg

52 1
5.2.1

The ap
in IEC
docum
width a
length
The su
before
of test
1/10 of
intende
a mant
motion

Folding
itself. B

g distance d

iece

Figure 4 — Folding procedures

'est apparatus and instrumentation
Test apparatus

paratus of measurement used in this cyclic test shalli<conform to the apparatus de
52047-35. There is no special requirement on the configuration of test apparatus
nt, so far as with which the device can be folded to the end of possibility. Howe
d height of walls shall be longer preferably.at least by 5 % than the width and
pf the test piece, respectively, so that the whole test piece is firmly pressed by th
face flatness and parallelism of walls is'carefully prepared so as not to touch eag
the end of test. The variance of gapbetween walls shall be smaller than the th
piece. The surface roughness and{latness of walls are recommended to be le
the thickness of test piece so as hot to distort test piece by bumps of wall except

ally-actuated linear stage~Both ends of test piece shall be fixed so as to fol
of walls, on condition that.the ends of test piece can smoothly rotate.

distance shall be measured to the appropriate accuracy relative to the folding d
ecause it is sometimes difficult to keep the same level of accuracy over the entir

of folding distance, it is-rfecommended to secure 1 % when the folding distance is more t

half of
Therefq
range,
micros(

specimen _length, 3 % when less than one third, and 5 % when less than one
re, it canbeé suggested to use a number of different tools, e.g. a scale for mi
a micrometer gauge for submillimetre range, or a laser displacement m
opy(far micron and sub-micron range.

scribed
in this
er, the
half the
b walls.
h other
ckness
5s than
for the

d bending deformation. Either\wall or both walls are shifted by a motor drive system, or

ow the

istance
P range
han the

tenth.
limetre
bter or

5.2.2

Instrumentation

Set the test piece on the apparatus and evaluate the initial performance before bending. Then,
let the two walls come closer to the minimum folding distance. Stop the apparatus at the
minimum folding distance and evaluate the performance. Then let the two walls go backward to
the maximum folding distance and keep on cyclic loading between the minimum and maximum
folding distances. After a certain number of cycles, evaluate the device performance at the

minimu

m folding distance and consecutive maximum folding distance.

Device performance and its accuracy of measurement strongly depend on individual devices.
Therefore, nothing is normatively specified in this part. Instead, users of this procedure should
be responsible for adequate evaluation for the performance of their devices and reporting
accuracy of instrumentation in the test report as described in Clause 6.
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It is also advised that connection of lead wires to the device must be carefully prepared in order
to avoid artifacts possibly caused by the failure of wirings (especially the connection points)
during repeated loading process.

Not an absolute error for full range measurement but a relative error on folding distance is of
importance to maintain the reproducibility in bending deformation, especially around the end of
test, because the nominal curvature can be approximated by 2/d under the bending deformation
as shown in Figure 4 b). In addition, the value of d ranges from [/, e.g. more than a hundred
millimetres, to 2¢, e.g. less than submillimetres. The dimension with such a wide range is difficult
to measure with the accuracy of less than 1 % by a ready-made apparatus. That's why the
accuracy of folding distance is noted in terms of the relative value with the accuracy of 5 % for
the ease of experiment in this document.

5.3 Il*rocedure
5.3.1 Testing conditions

Since this document is to see the deterioration behaviour of device performance aftef cyclic
bending deformation, it cannot always be easy to find testing speed adequately corresponding
to the| conditions of actual device operation. Therefore, evaluation of time-degendent
deformfation behaviour such as visco-elasticity is regarded here as out of scope, and Joading
speed (frequency of cyclic load) is not particularly specified here{load frequency is detgrmined
by the pser of this document and shall be included in the test.réport. Attention should pe paid
to timetdependent behaviour of the devices since flexible MEMS are often made of poJlymeric
materidls and their deformation should be in principle morg&.or less time-dependent. Therefore,
the loadling frequency, i.e. speed of deformation, should be determined, to the extent possible,
to the gctual operating condition of the device and non-elastic deformation should be reported,
if any roticed, as mentioned in Clause 6. Detailed“survey about the time-dependent behaviour
of deviges over a range of loading speed is out af;requirement of this document.

A cycli¢ bending test shall be performed between the specified minimum and maximum|folding
distances which should not be changed.during the test on a test piece. A number of tesgts shall
be performed by changing the maximum and minimum folding distances so as to draw a
curvilinear surface of performance-deterioration as mentioned in 3.2. Maximum folding dfstance
should jalso be changed even for.the same minimum folding distance because the perfofmance
deteriofation behaviour changes depending on both folding distances as mentioned|in 3.2.
Details|are explained in Annex A. For devices developed exclusively for a particular operation
conditign, it is enough toperform cyclic bending test with that specified values of minimpm and
maximym folding distance.

Requir¢d minimum-yalue of minimum folding distance is the situation defined as the end of test

ossible

NOTE Since the objective of this document is to see the deterioration behaviour of device performance against
monotonic bending to the end of possible curvature, it can be not always easy to find testing conditions (especially
speed) which adequately correspond to those of actual device operation. In such cases, the users are responsible
to determine the conditions and report them appropriately as mentioned in 6.5.

5.3.2 Selection of bending direction

Set the test piece on the test apparatus, with the surface to be loaded in convex facing upward
in Figure 3. Choice of bending direction whether the surface with devices is loaded in tension
or compression should follow in principle the condition in which the device is actually bent
during its service. However, in order to explore possible failure modes, both the two bending
directions may be examined regardless of how the device is actually used.
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NOTE When a test piece as shown in Figure 2 is set on the test apparatus with the target part facing upward, the
test piece is loaded in convex and the target part is strained in tension. On the other hand, for the test under the
opposite bending direction, the test piece is set with the target part facing downward and the target part is strained
in compression.

5.3.3 Determination of bending axes

Select a characteristic axis of individual devices to be tested. In addition, at least another
direction in 90 degrees to it should also be tested as shown in Figure 3. Actual selections of
directions are left to suppliers and users. It is here noted that the actual bending axes appearing
in the end of the test can be somehow not exactly at the position expected, likely because of
possible error in test piece preparation and inhomogeneous stiffness distribution over the
device. Therefore, fine adjustment of bending axis location may be necessary during the loading

Doca H

aoibla maath ade fapr th o Ao i ~anteal £ ar-thic—adirietment-ara—caaectadin-A B
prOCGS -1 OSoToTC e UTOUSTUT e PTeorsT oot OT ToUT— s aujastheTrarc-suagyg e stouTT nnex

of IEC p2047-35:2019.

5.3.4 Measurement of test piece dimensions

Length{and width of the test piece shall be measured and recorded for”each test| piece.
Measutlement of the length of device is critical because of the loading sechéme explained in 5.1
and 5.4. It shall be measured to the accuracy of 1 % relative to the length itself. Dimensions in
the dirdction parallel to the bending axis is not important but may also‘be measured in the same
way. Thickness can vary among different points over the test piece/due to its inhomoggneous
structures. Therefore it shall also be measured at a number of“typical points, e.g. bpth the
substrate part and the target part. A profilometer can measurg)the local thickness of tegt piece
with sufficient accuracy. The same accuracy suggested ing.2.1 for the folding distance may be
applied| also for the thickness measurement.

NOTE 1 | Since preferable methods and accuracy in measureément strongly depend on individual devices,|users of
this procedure are responsible for choosing adequate methoeds for their devices and reporting accuracy irn the test
report agl described later.

NOTE 2 | Since the distribution of thickness strongly~depends on the structures on individual devices subjected to
the test, selection of measuring points is left to the\tsers.

NOTE 3 | It is optional to report the dimensions except for length because the width and the thickness gre just a
supportirjg information for the design of theltest apparatus for this document.

5.3.5 Measurement of folding distance

Distande between two walls is measured and recorded as the folding distance 3t each
measulement of device\performance. It shall be measured to the accuracy of 5 % relative to
the folding distance itself. These measurements can be made using a scale for millimetrg range,
a micrgmeter gauge-for submillimetre range, or a laser displacement meter or microsdopy for
micron range.

5.3.6 Number of testing

A number of different positions shall be tested In the same way, I.e., a number of different
locations of bending axes shall be loaded in this document. This is because the point of the
device to be loaded to the end is limited only along the bending axes, and because the device
can be bent at an arbitrary position in the actual use.

The total number of test pieces is more than three. The individual conditions of cyclic bending
should be designed so as to draw visibly P-S-N curvilinear surface. And, as regards the
information on reproducibility, more than two specimens should be tested under the same
condition from the view point of statistics and the number shall be stated in the test report.

NOTE When the performance (P) is plotted over the spaces of severity of bending (S) and number of cycles (N),
there comes up a curvilinear surface which visually presents performance deterioration behaviour. It is noteworthy
that this surface is a function not only of minimum folding distance but also maximum folding distance, which means
as if the surface would split depending on both the minimum and maximum folding distances. Further details of this
concept are visually explained in Annex A with figures.
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5.3.7 Instrumentation

Set the test piece on the apparatus and evaluate the initial performance before bending. Then,
let the two walls come closer to the minimum folding distance. Stop the apparatus at the
minimum folding distance and evaluate the performance. Then let the two walls go backward to
the maximum folding distance and keep on cyclic loading between the minimum and maximum
folding distances. After a certain number of cycles, evaluate the device performance at the
minimum folding distance and consecutive maximum folding distance.

Device performance and its accuracy of measurement strongly depend on individual devices.
Therefore, nothing is normatively specified in this part. Instead, users of this procedure should
be responsible for adequate evaluation for the performance of their devices and reporting
accura¢y of Instrumentation in the test report as described n Clause 6.

5.3.8 End of testing

The cy¢lic bending test should be kept doing at least 104 cycles. If the performance after 104
cycles fdecreases from the initial value to less than 10 %, the test can be stopped. If pot, the
test shpuld continue to apply cyclic load 10°, 106 and more till the-déterioration behaviour
appearsg clearly.

6 Tept report

6.1 eneral

The inflormation provided in 6.2 to 6.5 shall be included in the test report of this dogument.
Testind conditions determined by users as mentioned in 5.3.1 shall also be included as|well.

6.2 Bending direction(s) and in-plane locations of bending axes

Bending direction(s) and detailed locations of bending axes on the device shall be reported,
preferaply with figures as illustrated.in)Figure 3 as an example. In case a test piece was bent
with magre than one axis in a singletest, it is highly recommended to dispose the result{and try
the tes{ again with shorter length-of test piece.

Methods and accuracy of measurement for these parameters should be included in the test
report, [though they are not normatively specified since they strongly depend on individual
deviceg.

imensions of the test piece

the~length of the test piece shall be reported. However, additional report oh other
dimensjions such as width and thickness should be appreciated. Since a device is defor
pushing-i in Fi i
between two ends, i.e., length, dominates its deformation against folding distance in the early
stage of testing [Figure 4 a)]. Therefore, length is the most essential parameter to be informed
for each test. In the meantime, although deformation is determined only by the folding distance
and independent of test piece dimensions in the middle stage [Figure 4 b], the folding distance
in the last stage [Figure 4 c)] is intimately correlated with thickness distribution over the entire
length and width of the test piece. Thus width and thickness should also be reported in addition
to length, in order to fully inform the geometrical characteristics of the test piece.
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6.4 Performance degradation characteristics with the folding distance

Supply in a graphical manner the relationship between the device performance plotted along
the ordinate, the minimum folding distance and the number of cycles along two abscissae.
Example is shown in Figure 5. Parameters along the ordinate can be selected in an arbitrary
manner depending on the device function to be examined, i.e. voltage, current or resistance.
On the contrary, there are several candidates for the parameter to indicate folding distance
along the abscissa. They may optionally be either the absolute distance between two walls
which is the original meaning of folding distance, the distance between two walls normalized by
the length of the test piece, or the average radius of curvature calculated with the assumption
of uniform bending deformation between the two walls. How the loading parameter along the
abscissa is defined shall be clearly stated in the report.

In addillion to the mandatory graphical presentation above, from the view point of morelatcurate
informdtion in quantities, it is also recommended to include in the report a tableywhgre the
source |of graphical representation explained above is shown in numbers. It can also be|helpful
to show two-dimensional plots, i.e. cross sections of the three-dimensional plotyatlong the|planes
of user$' interests, for a clearer recognition of test results. An example of stch two-dimefnsional
plot is presented in Figure A.4.

NOTE FR-S-N plot changes depending also on the maximum folding distance. That means P-S-N curvilineaf surface
eventually splits with different shuttle ranges even if the minimum folding distanee is the same. See Anpex A for
more details.
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Figure 5 — 3-dimensional P-S-N plot

6.5 Testing conditions

Holding time between two loading steps before starting instrumentation as well as loading speed
itself is determined by user and included in a test report, e.g. round trip motion of moving wall
with a frequency of 1 Hz and 1 min holding time per each measurement. Other conditions for
testing, such as temperature and humidity etc., shall also be reported.
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Since substrates for flexible MEMS are often made of polymeric materials, deformation
behaviour should be in principle more or less time-dependent. Non-elastic time-dependent
behaviour should be mentioned in the test report, if any noticed.



https://iecnorm.com/api/?name=bdb3e233e0f30f3b27715bfe4c5eb651

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Test piece 
	4.1 General
	4.2 Shape of a test piece 

	5 Test method
	5.1 Principle
	5.2 Test apparatus and instrumentation
	5.2.1 Test apparatus
	5.2.2 Instrumentation

	5.3 Procedure
	5.3.1 Testing conditions
	5.3.2 Selection of bending direction
	5.3.3 Determination of bending axes
	5.3.4 Measurement of test piece dimensions 
	5.3.5 Measurement of folding distance 
	5.3.6 Number of testing
	5.3.7 Instrumentation
	5.3.8 End of testing


	6 Test report
	6.1 General
	6.2 Bending direction(s) and in-plane locations of bending axes
	6.3 Dimensions of the test piece
	6.4 Performance degradation characteristics with the folding distance
	6.5 Testing conditions

	Annex A (informative)Example of P-S-N plot of flexible MEMS device 
	Figures
	Figure 1 – Schematic explanation of cyclic bending test
	Figure 2 – Schematic illustration of flexible MEMS test piece
	Figure 3 – Selection of bending axis
	Figure 4 – Folding procedures 
	Figure 5 – 3-dimensional P-S-N plot
	Figure A.1 – Test piece – Printed wiring on paper substrate
	Figure A.2 – Test apparatus
	Figure A.3 – 3-dimensional P-S-N plot
	Figure A.4 – 2-dimensional P-S-N plot


