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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MICRO-ELECTROMECHANICAL DEVICES -

Part 47: Silicon based MEMS fabrication technology —
Measurement method of bending strength of microstructures
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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 1

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

>.ch. IEC

IEC 62047-47 has been prepared by subcommittee 47F: Micro-electromechanical systems, 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/474/FDIS 47F/481/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 ~An tha IEC vwahoita d awabhotars iCC Ch i +!nc Gta rc!atc tO the

Hadaor H
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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 indjcates
that if contains colours which are considered to be usefulfor the correct understanding
of its [contents. Users should therefore print this dociument using a colour printerr.
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SEMICONDUCTOR DEVICES -
MICRO-ELECTROMECHANICAL DEVICES -

Part 47: Silicon based MEMS fabrication technology —
Measurement method of bending strength of microstructures

1 Scope

This szrt of IEC 62047 specifies the requirements and testing method to measure thex

strengt

based micro-electromechanical system (MEMS).

This ddg
manufd

With t

contamfinations, becomes more severe. This document specifiés an in-situ testing me

the be
instrum

Since i
on the

2 Normative references

There &

3 Te

For the

ISO ar
addres

e |EC
e |[SO

h of microstructures which are fabricated by micromachining technology uséd'in

cument is applicable to the in-situ bending strength measurement, of microstr
ctured by microelectronic technology process and other micromachining technol

ne devices scaling, the bending strength degradation] jinduced by defec

nding strength based on MEMS technique. This dogument does not need i
ents (such as scanning probe microscopy and nanqindenter) and special test spe

n-situ on-chip tester in this document and device are fabricated with the same j

same wafer, this document can give some pragctical reference for the design parf.

re no normative references in this document.

rms and definitions
purposes of this doc¢ument, the following terms and definitions apply.

d IEC maintain/ terminology databases for use in standardization at the fg
5es:

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

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

ending
silicon-

Lictures
ogy.

ts and

thod of

htricate
cimens.

rocess

llowing

3.1

testing structure
nanostructure (for example, cantilevered or fixed beams) specially made to measure the

propert

ies of materials

[SOURCE: IEC 62047-45:2024, 3.1]

3.2

testing device
microstructure that transmits force or displacement to a testing structure and the force or
displacement can be read out at the same time

[SOURCE: IEC 62047-45:2024, 3.2]
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3.3
beam of constant strength
beam whose maximum normal stress on each cross-section is equal

3.4

in-situ on-chip tester

structure that integrates both the testing structure and the testing device on one chip, which is
used to evaluate the process-related mechanical properties of MEMS devices

Note 1 to entry: In-situ on-chip tester and MEMS devices are manufactured simultaneously.

[SOURCE: IEC 62047-45:2024, 3.3]

q/b‘
4 Requirements (19

4.1 I’[u-situ on-chip tester design requirements

/\/
The schemes of the in-situ on-chip tester are shown in Figure 1 and F‘i'gj% 2.

IEC

Key @.
displacement ruIQ~

deflegtion rul

magrifyin r
loadif @Q
Collisn& lock
movable framework
elastic beam
on-chip needlepoint

loading segment
10 beam of constant strength

© 00 N O O~ WN -

The testing device includes 1 to 10, and the testing structure includes 8 to 10.

Figure 1 — The in-situ on-chip bending strength tester
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Key

N

IS}

The degign of the in-situ on-chip tester'should be as follows:

a)

b)

A
y
A
Y

A
Y
A
Y

H

IEC

thickpess of the beam of constant strength

height of the anchor beam in the bonding area

dimepsion of the bonding area of the beam of constant strength

dimenpsion of the bonding area

length of the beam of constant strength arm, which should bé.designed with sequential values
length of the loading segment

width| of the loading segment

Figure 2 — Three-view @drawing of the testing structure

Thd testing structure should-adopt the structure of the beam of constant strength, whlich can
elinjinate the error caused by the stress concentration and extraction process defec}s;

Theg drive of the testing-device should generate enough force to bend the testing stfucture,
such as off-chip prebe loading, on-chip thermal drive loading or on-chip electfostatic
loading;

To prevent thélelastic beam of the testing device breaking earlier than the beam of cpnstant
stregngth, the) strength of the elastic beam should be designed high enough. [Design
dimensiens are shown in Annex A;

To prevent the bonding surface of the testing structure breaking earlier than the beam of
constant-strength; e—strength—o e—bonding—strface—shoutdbedesignedhigh—<€nough.
Design dimensions are shown in Annex A;

The loading segment should meet the condition of / >20 ym to ensure that the influence of
linewidth loss on the strength characteristics of the testing structure is less than 5 %;

The ruler design of the testing device should satisfy the resolution requirement. The ruler
should be clearly monitored by optical microscopy;

The design of the testing structure should take full account of machining error and leave
enough machining tolerance. The influence of the process during structure formation on the
surface roughness of the structure should also be considered in the design of the testing
structure.
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In-situ on-chip tester fabrication requirements

Requirements for in-situ on-chip tester are as follows:

C 2024

a) The fabrication process of the testing device and testing structure is the same as that of

MEMS device;

b) The testing structure is applied to materials that can be used as the movable structure layer

4.3

of MEMS devices, such as crystal silicon.

Testing environment requirements

Testing should be carried out in the actual manufacturing environment of the MEMS device chip.

5

5.1

Tepting method

General

The defection of microstructure bending strength is to use the drive (this>document ta
chip probe loading as an example) to load the testing device, and'then make the

needlepoint of the testing device apply to the testing structure. The deformation and dan
the tesfing structure are monitored through the optical microscope.and the bending strg
the tesfing structure is determined by reading the number of the‘deflection ruler of the

device.

5.2

Microstructure bending strength testing method operation process

The migrostructure bending strength testing methed operation process is as follows:

a) As ghown in Figure 3, when testing the berding strength of the microstructure, the

Key

1

the |in-situ on-chip tester is fixed on the\ probe station. A horizontal positive pres
applied with the probe at the loadingZpoint until the fracture of the testing strug
observed through the microscope, ahd the maximum reading d of the deflection
recorded in the process. The reading d is substituted into the Formula (1) to calculate the
benlding strength;

es off-
bn-chip
hage of
ngth of
testing

chip of
sure is
ture is
ruler is

a) Before the probe is applied b) After the probe is applied

driven loading

IEC

Figure 3 — Microstructure bending strength testing method operation process

b) The probe and whole in-situ on-chip tester should be present in the field of view under

c)

optical microscopy. During the operation process, the probe loading should be less than
1 um/s. After the testing structure breaks, the probe force should be stopped in time and
the probe should be slowly withdrawn until it is separated from the testing device;

In order to obtain sufficient resolution and appropriate probe pressure, Table 1 gives the
recommended dimension of the testing structure design.
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Table 1 — Dimensions for testing structure

Dimensions in um

L

)

h

100 to 1 000

15 to 20

110

90

75

4

5.3 Microstructure bending strength testing method result process

The width of the beam of constant strength is designed as h(x):5\/;, as shown in Figure 4.
The changes in the magnifying lever before and after the test are shown in Figure 5. The

dimensjon of the elastic beam is shown in Figure 6.

Key

>

h(x)

]

I

oy

@
-

is| the length of the beam of constant strength

s the width of the beam of constant strength

h (x)

IEC

Figure 4 — Scheme of the beam of constant strength

az

Key

a) Before-the test

IEC

a, is thg spaging of the magnifying lever bracket

a, is thq length of the magnifying lever

b) After the test

IgC

d is the reading after the magnifying lever is deformed

Figure 5 — Scheme of the magnifying lever
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Key
a, is the
b is the
The be
as,
where:
o(x) IS
E i
S
b i
ag i
aq i
as i
d i
The din

length of the elastic beam

width of the elastic beam

Figure 6 — Scheme of the elastic beam

nding stress on the sidewall surface of the beam of constant stfength can be cal

Eb3a1

a(x):7,68>< d

ap (az —01)

the bending stress of the beam of(constant strength, expressed in MPa;

the Young's modulus of silicon;, which depends on the crystal orientation of the
ructure, expressed in MPa;

the width of the elastic-beam, expressed in pym;
the length of the elastic’ beam, expressed in uym;

the spacing of the,'support beams of magnifying lever, expressed in uym;
the length of the magnifying lever, expressed in um;

the maximum reading of the deflection ruler, expressed in ym.

hensions of the testing structure and the testing device in Formula (1) should

actual ||neasured values after the fabrication.

culated

(1)

testing

be the

6 Test report

The test report shall contain the following information:

a) reference to this international document;

b) test
c) test

ing device preparation procedures;

ing device dimensions;

d) constituent materials and their fabrication methods;

e) the

date of the test;

f) measured results and properties: length of the beam of constant strength, maximum reading
of the deflection ruler, bending stress of the beam of constant strength.
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Annex A
(informative)

Examples of bending strength testing for microstructures

A.1 General

Annex A describes an example of measuring the bending strength of microstructures using an
in-situ on-chip tester. Clauses A.2 and A.3 summarize the design dimensions of the testing
device and the measurement results of the in-situ on-chip tester, respectively.

A.2 Pesign dimensions of the testing device

The dimensions of the testing device are marked in Figure A.1 and Figure A.2.kigure A.3 shows
the degign of the deflection ruler and the displacement ruler. Table A.1\ shows the|design
dimensjions of the testing device.

11 12 13 14 15 16

Y
A
Y
A
Y
A
Y

l7

l15

A
Y

l1g

l1g

man v

lg

I14

Y
A

4
Y

v 100001

IEC

Figure A.1 — Overall dimension labelling of the testing device


https://iecnorm.com/api/?name=802a655cb955470025005494df25abf9

-12 - IEC 62047-47:2024 © |EC 2024

| ! D’“M |
T n
~ ] e
sl 0
N |
ﬂmﬂ \

IEC

Figure A.2 — Local,dimension labelling of the testing device
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Key
1 statignary scale

2 gaugg pointers

Figure A.3 — Design of the deflection ruler and the displacement ruler
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Table A.1 — Design dimensions of the testing device

Dimensions in ym

Size code of testing device Design size

/4 60
Iy 130
Iy 80
Iy 70
A 130
lg 100
Iy 280
lg 60
Iy 50
Lo 100
L4 380
Lyp 80
Lis 365
Ly 20
Lis 79
Lie 75
Ly 5
Lig 5
Ls 20
Ly 60
I 40
I3 360
I3 3

In orde

breaks

When t

than 15 ym.

A.3 Microstructures bending strength test

The dimension design of the testing device of the in-situ on-chip tester refers to Clause A.2.
The dimension design of the testing structure refers to Table 1 in 5.2, where / = 20 ym. Refer
to 5.2 for the operation process of the microstructure bending strength test. Partition tests are
carried out on the in-situ on-chip tester of the same size, and the test area is shown in
Figure A.4. Combined with the calculation formula of the sidewall bending strength of the beam
of constant strength in Formula (1), this document extracts the measurement results under the
HRM etching process conditions, as shown in Table A.2.


https://iecnorm.com/api/?name=802a655cb955470025005494df25abf9

	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Requirements
	4.1 In-situ on-chip tester design requirements
	4.2 In-situ on-chip tester fabrication requirements
	4.3 Testing environment requirements

	5 Testing method
	5.1 General
	5.2 Microstructure bending strength testing method operation process
	5.3 Microstructure bending strength testing method result process

	6 Test report
	Annex A (informative) Examples of bending strength testing for microstructures
	A.1 General
	A.2 Design dimensions of the testing device
	A.3 Microstructures bending strength test

	Figures
	Figure 1 – The in-situ on-chip bending strength tester
	Figure 2 – Three-view drawing of the testing structure
	Figure 3 – Microstructure bending strength testing method operation process
	Figure 4 – Scheme of the beam of constant strength
	Figure 5 – Scheme of the magnifying lever
	Figure 6 – Scheme of the elastic beam
	Figure A.1 – Overall dimension labelling of the testing device
	Figure A.2 – Local dimension labelling of the testing device
	Figure A.3 – Design of the deflection ruler and the displacement ruler
	Figure A.4 – Test area

	Tables
	Table 1 – Dimensions for testing structure
	Table A.1 – Design dimensions of the testing device
	Table A.2 – Microstructure bending strength test results


