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FOREWORD

hternational Electrotechnical Commission (IEC) is a worldwide organization for standardization cg
tional electrotechnical committees (IEC National Committees). The object of IEC is to promeote inte]
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 “IEC \Publication(s)
ration is entrusted to technical committees; any IEC National Committee interested in the subject ¢

he IEC also participate in this preparation. IEC collaborates closely with_the international Organiz
ardization (ISO) in accordance with conditions determined by agreement between the two organiZ

brmal decisions or agreements of IEC on technical matters express, asvnearly 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 international use and are accepted by IEC
hittees in that sense. While all reasonable efforts are made to ensure that the technical conter
Cations is accurate, IEC cannot be held responsiblé\for the way in which they are used o
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 theirqational and regional publications. Any divergence
EC Publication and the corresponding nationalior regional publication shall be clearly indicated in t

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

ers should ensure that they have-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 committe€s and IEC National Committees for any personal injury, property da
damage of any nature\\whatsoever, whether direct or indirect, or for costs (including legal f
hses arising out of sthe“publication, use of, or reliance upon, this IEC Publication or any o
Cations.

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

iraws atténtion to the possibility that the implementation of this document may involve the u
t(s). IE€-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(
be‘required to implement this document. However, implementers are cautioned that this may not r

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

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

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

test information, which may be obtained from the patent database available at https://patents.ie

.ch. IEC

shall

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

IEC 62047-44 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/456/FDIS 47F/463/RVD

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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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
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific 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 useful for the correct understarding
of its contents. Users should therefore print this documentwsing a colour printer.
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SEMICONDUCTOR DEVICES -
MICRO-ELECTROMECHANICAL DEVICES -

Part 44: Test methods for dynamic performances of MEMS resonant
electric-field-sensitive devices

1 Scope

This pwwwmuemm@%demwmmmszed to
evaluate and determine the dynamic performance of MEMS (Micro-Electromechanical 'Systems)

resonanht electric-field-sensitive devices. It also specifies sample requirementsi/and test
equipmlent for dynamic performances of MEMS resonant electric-field-sensitive devicés. The
stateménts made in this document are also applicable to MEMS resonant electrie-field-s¢nsitive
deviceg with various driving mechanisms such as electrostatic, electrothermal;,"electromagnetic,
piezoelectric, etc.

2 Normative references

There gre no normative references in this document.

3 Tefms and definitions
For the[ purposes of this document, the followingderms and definitions apply.

ISO arnd IEC maintain terminology databases for use in standardization at the fgllowing
addresses:

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

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

3.1
MEMS felectric-field-sensitive device
electric-field-sensitivedevice fabricated by MEMS technology, which can sense the elecfric field
strength and convert.itiinto electrical signal for output

Note 1 tq entry: _For)a detailed description of the MEMS electric-field-sensitive device, see Annex A.

3.2
MEMS [resonant electric-field-sensitive device
electric-field-sensitive device fabricated by MEMS technology, which senses the electric field
strength by driving its sensitive structure to vibrate in the resonant state

Note 1 to entry: For a detailed description of the MEMS resonant electric-field-sensitive device, see Annex A.

3.3

standard electric field equipment

standard electric field equipment that is composed of parallel metal plate calibration system,
shielding cover, high voltage source, etc., and can produce uniform electric field environment

Note 1 to entry: The high voltage source with continuous adjustable voltage is connected with the parallel metal
plate calibration system. When the high voltage is loaded on the parallel metal plate calibration system, the uniform
electric field can be maintained between the parallel metal plate calibration system.

Note 2 to entry: The electric-field-sensitive devices are placed in the standard electric field for dynamic performance
test.
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4 Essential ratings and characteristics

4.1 Composition of MEMS resonant electric-field-sensitive devices

MEMS resonant electric-field-sensitive device is generally composed of driving electrode,
detecting electrode, shielding electrode, supporting substrate and so on. Some types of field
sensitive devices do not have shielding electrodes, such as piezoelectric MEMS resonant
electric-field-sensitive devices. More information on the work principle and the sensitive
structure of typical MEMS resonant electric-field-sensitive devices are given in Annex A and
Annex B respectively.

42 |

Gener

applica
technol
configu
electrig

| description of the function of MEMS resonant electric-field-sensitive devices, a
ions shall be stated. The statement shall include the details of manufg
ogies about the MEMS resonant electric-field-sensitive devices with different op
ration, and actuation mechanism. More information on typical /MEMS re
-field-sensitive devices with different drive structures is given in_ Annex B.

4.3 Description of application and specification

Informd
Block d
should
shall al

Figure

tion on application of the MEMS resonant electric-field-sensitive devices shall bg
iagrams of MEMS resonant electric-field-sensitive devices and the applied §
be also given. All terminals should be identified in_the block diagram and their fu
50 be stated.

1 is an example of MEMS resonant electrickfield-sensitive device.

Sensing
Excitation V(+) inputs .dutputs(+) Excitation V(=) inputs

|

Ground Ground

Excitation V(+) inputs ~ Sensing  Excitation V(=) inputs

outputs(-)
IEC

nd their
cturing
pration,
sonant

given.
ystems
nctions

& | Terminals ot MEMS leetricficld tive_devi

4.4 Recommended operating conditions

The following items should be described in the specification, unless otherwise stated in the
relevant procurement specifications. These conditions are recommended in order to keep the
characteristics of the MEMS resonant electric-field-sensitive devices stable state during
operation:

e power supply voltage;

e input voltage;

e oOpe

rating temperature.
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4.5 Additional information

Some additional information shall be given such as equivalent input and output circuits (e.g.,
Input/output impedance, DC block capacitors, etc.), internal protection circuits against high
static voltages or electric fields, handling precautions, and application data/information, etc.

5 Dynamic characteristics

5.1 Resonant frequency

The resonant frequency is the corresponding excitation frequency when the working condition

is reso
maxim

nanca ctata \Whan in racaonanca tha amnlituida Aaain Aftha vihratinn cvuctam raqn es the
nanree-state—Whenrirresonance—theampltude-gairefthe-vibrationsystemreac
dm value.
5.2 Quality factor Q
Q valug is the main parameter to measure the device in the sensitive period‘of electricffield. It
reflectd the magnitude of damping ratio and the degree of energy consumiption. The h|gher O

value i, the smaller the loss is, the higher the efficiency is, the more stable the re
frequercy is, and the better the repeatability is.

5.3

The re

reach 90 % of the final value when a step electric field-value is applied.

6 Medasuring methods

6.1

This Clause 6 specifies measuring methods for dynamic performances of MEMS rg
electrictfield-sensitive devices at a cettain electric field strength.

The sepsitive device is fixed on the fixture and remains stationary during the characteris

The in

applied

with th

Response time

gponse time is the time required for the output of-the electric-field-sensitive de

General

uction direction of.the electric-field-sensitive devices should be consistent W
electric field direCtion, and the sensing plane of the sensitive device should b

sonant

ices to

sonant

fic test.
ith the
e flush

grounded platesin the parallel plate system of standard electric field equipment. The
diagram is shown in¢Figure 2.
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Figure 2 — Diagram of the MEMS resonant electric-field-sensitive device on the p

6.2 Resonant frequency

6.2.1

The res
In orde

should

6.2.2
6.2.2.1

The re
interfer|
interfer

vibromsé

can be
oscillat

MEMS electric-

Grounded plate field-sensitive
\ / device
AY 4
| | N
[ ]
Parallel plate system
High
voltage

source
suppl
High PPy

voltage J_

mesurement -

} unit

Standard electric fiel eqaipment

IEC

plate system

Purpose

ponse and efficiency of electric-field;sensitive devices are the highest in resonar]
r to set its operating frequency “as resonant frequency, the resonant frequenc
be measured.

Optical test method
General

sonant frequency can be measured by measuring the displacement change v
ence of lighti\The optical measurement method is based on the principle of
ence. The(vibration displacement of the sensitive element is measured by using
pter, and the amplitude and phase spectra can be obtained. The resonance fre
obtained by simultaneously fitting amplitude and phase spectra to a simple h3
br/model.

arallel

t state.
y value

ith the
optical
a laser
quency
rmonic

6.2.2.2

Test system diagram

Figure 3 provides the structure diagram of the resonant frequency measurement system of

MEMS

resonant electric-field-sensitive devices by optical measurement method.
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Figure 3 — Test system diagram.of optical test method

Principle block diagram of optical test system

ical measurement method is based>on the principle of optical interference.

Test conditions and precautions

t environment temperature-was kept at 23 °C £ 5 °C.

Measurement.procedure

st the micro optieal device to allow the light spot focusing within the surface
Sitive element,

transparent-'elements such as quartz or glass sensitive elements, the spot ¢
ometer.should be focused within the metal electrode surface of the sensitive ele
ease-the reflected light intensity received by the laser vibrometer.

fiXing of the sensitive element on the mounting fixture and the fixing of the m

of the

f laser
ment to

bunting

fixt
duri

re 1T the vacuunT chamber shoutd—be firmmand-Tetiablte; soas to avoid dispia
ng the test which affects the test accuracy.

cement

For the out of plane vibration sensitive element, the angle between the fixture mounting
surface and the horizontal plane should be adjusted according to the geometry of the

sen

sitive element to make the laser vibrometer obtain higher signal-to-noise ratio.

Flexible bellows are used for the connection between vacuum pump and vacuum chamber.
Effective vibration isolation should be adopted between vacuum pump and vacuum
chamber, micro optical device and laser vibrometer. The actual vacuum degree of cavity

equ

ipment can be adjusted to the specified vacuum degree.

During the operation of the laser vibrometer, the vacuum pump should be turned on so that
the actual vacuum degree of the cavity is consistent with the specified vacuum degree.
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6.2.3 Electrical test method
6.2.3.1 General

The electrical test method is to use the vibration pick-up unit of the resonator itself to convert
the vibration of the resonance sensitive element into electrical signal, and then use the lock-in
amplifier to detect the electrical signal, so as to obtain the vibration characteristics.

When the optical test cannot be carried out after the sensor is packaged, the electrical test
method should be used.

6.2.3.2 Test system diagram

Figure # provides the test system diagram of the resonant frequency measurement\system of
MEMS fesonant electric-field-sensitive devices by electrical test method.

Power the excitation circuit, and drive MEMS resonant electric-field-sensitive*devices fo work
in resognant state. A certain electric field value, generally 10 kV/m, unless a specifi¢ value
specifigd, is set for the standard electric field equipment to make the)sensitive parf of the
electric-field-sensitive device in a stable electric field.

oy

¢ e 3N 5 [ 8

IEC

Key

-

sensitive devices

standard electric field equipment
preprocessing circuit

excitation circuit

detedtion device

o 0 A W N

data processing and display terminal

Figure 4 — Test system diagram of electrical test method

6.2.3.3 Principle block diagram of electrical test system

Accordlng-to the theoretical frequency range of the device_the frequency sweep is carried out.

~ hJ 7 i Ul A 7 - . J . Lol .
When the response output of the device is the maximum, the sensitive device works in the
resonant state, and the corresponding operating frequency is the resonant frequency of the
device.

6.2.3.4 Precaution to be observed

When the electric-field-sensitive device is put into the standard electric field equipment, ensure
that the electric-field-sensitive direction of the electric-field-sensitive device is consistent with
the electric field direction.
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6.2.3.5 Measurement procedure

a) Start the electric-field-sensitive device and preheat it for a few minutes, for example 5
minutes.

b) Set the frequency range and step size of device sweep test.

c) Start from the minimum frequency of the test frequency range, carry out frequency sweep
test until the device works at the maximum working frequency value, and record the
response output value of the device at each test frequency.

6.2.4 Data processing method

Compare all the response output values collected, find out the maximum response value. At
this timethedeviceworks—imtheTresomancestate;and—the correspondingfrequency of the
responge output is the resonant frequency.

6.2.5 Specified conditions
. strj’ngth of the electric field applied;
e ambient temperature;

e power supply voltage.
6.3 Quality factor (Q)
6.3.1 Purpose

The regonance state of the device is determined by th€ JO*value of its quality factor. Thg higher
the Q vplue is, the closer the resonant frequency is {0.the natural frequency of the system, the
more sfable the resonant frequency is, and the better the repeatability is. Therefore, it|is very
importgnt to improve the Q value in the design.6fithe device. At the same time, it is also very
importgnt to detect the actual Q value of the device. Through the detection of the O value, the
performance of the device can be evaluated:

6.3.2 Circuit diagram

The mqgasuring circuit diagram adepts Figure 3.

6.3.3 Principle of measurement

Q valug can be calculated by the following formula:

,.

: (1)

oz o

0

where
wq and w, are the half power points that are extracted from the harmonic oscillator fitting of the

measured resonant amplitude spectrum, and the corresponding amplitude is exactly % of the

amplitude at the resonant frequency.

w, is resonant angular frequency of MEMS resonant electric-field-sensitive devices, which is
extracted from the harmonic oscillator fitting of the measured resonant amplitude spectrum.
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6.3.4 Precaution to be observed

The initial frequency range and step size shall be set within the working frequency range of the
electric-field-sensitive device.

6.3.5 Measurement procedure

a) Start the electric-field-sensitive device and preheat it for a few minutes, for example
5 minutes.

b) Set the frequency range and step size of device sweep test.

c) Start from the minimum frequency of the test frequency range, carry out frequency sweep
test until the device works at the maximum working frequency value, and record the
frequency when the response output reaches the maximum value and the half power point.

6.3.6 Data processing method

Compare all the response output values collected, find out the half power points. The[quality
factor ¢ can be found out from Formula (1).

6.3.7 Specified conditions

. strj’ngth of the electric field applied;
e ambient temperature;

e power supply voltage.
6.4 Response time
6.4.1 Purpose

The regponse time of the electric-field-sensitive device is a very important performance], which
directly| reflects its sensitivity to the electrig'field. It is necessary to detect the response|time of
the de\ice.

6.4.2 Circuit diagram

The mdgasuring circuit diagram\adopts Figure 3.

6.4.3 Principle of measurement

The stgndard electric\field equipment is controlled to output a certain step electric field|signal,
such ag 10 kV/m¢ and the output signal of the MEMS resonant electric-field-sensitive d¢vice is
collectgd synchronously with a sufficiently high sampling frequency. Record the time when the
output pf the“sensitive device reaches 90 % of the theoretical output from zero, and make the
average value for three consecutive tests, and the average value is the response time.

6.4.4 Precaution to be observed

The electric field value of the loaded step signal shall not exceed the working range of the
electric-field-sensitive device to avoid damage to the device.

6.4.5 Measurement procedure

a) Start the electric-field-sensitive device and preheat it for a few minutes, for example 5
minutes.

b) The standard electric field equipment is controlled to output the first step electric field signal,
and the output signal of the electric-field-sensitive device is collected synchronously with
the sampling frequency.

c) Record the output of the sensitive device from zero to 90 % of the theoretical output for
three times.
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6.4.6 Data processing method

Take the average value of three consecutive tests. The average value is the response time of
the electric-field-sensitive device.

6.4.7 Specified conditions
e strength of the electric field applied;
e ambient temperature;

e power supply voltage.
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Annex A
(informative)

Work principle and general description of MEMS resonant
electric-field-sensitive devices

MEMS electric-field-sensitive devices are a kind of devices used to detect the electric field,
which are used in many fields. The atmospheric electrostatic field is an important physical
parameter for the study of meteorological phenomena such as lightning. Lightning is one of the
important weather factors that affect the success or failure of space launch. Lightning can also
cause serious harm to power grid. Petrochemical industry is a sensitive industry with frequent

lightning and electrostatic disasters. So, it is very important for lightning protection and g
reductipn to use electric-field-sensitive devices to monitor and analyse the changes
intensifly and polarity of the atmospheric electric field, and to identify and forewann'the c

of the &

MEMS [electric-field-sensitive devices have the advantages of small size\light weight,

mass {

meteorplogy, electric power, petrochemical, industrial production and ether fields.

The working principle of MEMS resonant electric-field-sensitive devices is as sh

Figure
shieldir
inductiq

The detection of the external electric field is realized by testing the change of the i

charge

The d

performance, so it is necessary to test theldynamic characteristics of the device to e
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characieristics of the device.
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electric
driving
driving

In the f
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tmospheric electric field that can potentially cause lightning stroke danger:

roduction and so on. They have important application requirements in aerqg

A.1. When there is an electric field in the space, the driving component dri

n electrodes has a regular change, which is proportional to the external electr

namic performance of the electricifield-sensitive device directly determi

ermine whether the performance @fthe device meets the requirements. This do
specifies the test methods of resonant frequency, quality factor, response time an

resonant electric-field‘sensitive device mainly uses the driving structure to d
e structure to vibrate periodically in the resonant state and modulates the mqg
field periodically~to realize the detection of external electric field. According
mode of MEMS-resonant electric-field-sensitive devices, it mainly includes elect

Abrication process, MEMS resonant electric-field-sensitive devices can be fabric
technology and bulk silicon technology.
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electric-field-sensitive devices, thermally excited electric-field-sensitive devices,
piezoelectric ceramic driving electric-field-sensitive devices, etc.
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Figure A.1 — Example for working principle of MEMS resonant elecfric-field-sensitive
device
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Annex B
(informative)

Sensitive structure and test of typical MEMS resonant
electric-field-sensitive devices

Electrostatically driven MEMS resonant electric-field-sensitive devices

The electrostatic comb type electric-field-sensitive device includes driving structure, induction
electrode and shielding electrode. The driving structure includes driving electrode and driven

electro

usuallylused as a shielding electrode, which is grounded. The periodic voltage signalis

to the ¢

electro

Figure
device.
electro

move p

periodi

Key

e is generated to realize the modulation of external electric field.

Cally so as to detect the external electric field.

IEC

It mainly includes shielding electrode, positive induction electrode, negative in
e and electrostatic driving structure. The driving structure driyes’the shield elec
eriodically, and the induced charge on the surface of the (induction electrode changes

B.1 shows the design of electrostatically driven MEMS resonant electric-field-ansitive

fe. There is no physical contact between the two elecirodes. The driven siru¢ture is

applied

riving structure to generate electrostatic power, and the periodic vibration.of shielding

uction
rode to

1 driven electrode of the driving structure

driving electrode of the driving structure

suspension folded beam

2
3
4 shielding electrode
5

induction electrode

Figure B.1 — Example for electrostatically driven MEMS resonant electric-field-sensitive

device

Figure B.2 is the circuit diagram of electrical testing system of electrostatic comb type

electric

-field-sensitive device.
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