IEC 62047-48:2024-06(en)

IEC 62047-48

Edition 1.0 2024-06

INTERNATIONAL
STANDARD

’ colour
b/‘\ inside

Semigonductor devices — Micro-electromech al devices —
Part 48: Test method for determining solutign concentration by optical
absofption using MEMS fluidic device



https://iecnorm.com/api/?name=624b6760ee172bc9c7c1a4f6fcb4bc7c

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2024 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

your local IEC member National Committee for further information.

IEC Secretariat Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch

CH-1211 Geneva 20 www.iec.ch

Switzerland
About th¢ TEC
The Intefnational Electrotechnical Commission (IEC) is the leading global organization that prepares and<publishes
Internatignal Standards for all electrical, electronic and related technologies.
About | publications
The techpical content of IEC publications is kept under constant review by the IEC. Please make sure that you|have the
latest edifion, a corrigendum or an amendment might have been published.
IEC publications search - webstore.iec.ch/advsearchform IEC Products & Services Portal-products.iec.ch
The advanced search enables to find IEC publications by a Discover our powerful search engine and read fregly all the
variety of criteria (reference number, text, technical publications previews, graphical symbols and the|glossary.
committeg, ...). It also gives information on projects, replaced  With a subscription you will always have access to {ip to date
and withdrawn publications. content tailored to youf needs.
IEC Just Published - webstore.iec.ch/justpublished Electropedia - www.electropedia.org
Stay up tb date on all new IEC publications. Just Published  The world's{jeading online dictionary on electrotgchnology,
details alljnew publications released. Available online and once containing more than 22 500 terminological entries fn English
a month gy email. and Frépeh? with equivalent terms in 25 additional Ignguages.

. Alsosknown as the International Electrotechnical Vjocabulary

IEC Custpmer Service Centre - webstore.iec.ch/csc (IEV)online.
If you wish to give us your feedback on this publication or need
further apsistance, please contact the Customer Service
Centre: sales@iec.ch.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=624b6760ee172bc9c7c1a4f6fcb4bc7c

IEC 62047-48

Edition 1.0 2024-06

INTERNATIONAL
STANDARD

colour
inside

Semigonductor devices — Micro-electromechanical devices —
Part 48: Test method for determining solution concentration by optical
absofption using MEMS fluidic device

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 31.080.99 ISBN 978-2-8322-8930-3

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=624b6760ee172bc9c7c1a4f6fcb4bc7c

-2- IEC 62047-48:2024 © |EC 2024

CONTENTS
FOREWORD ...ttt ettt et et et et ettt e et e et e et e et e et a e anns 3
LN I 2 1 1 L N 1 PN 5
1 ST e o] o 1Y PPN 6
2 NOrmMative referENCES ... e 6
3 Terms and definitioNs ... 6
4 T eSSt MBI oo e 6
4.1 LCT =Y o L=Y = | PSPPSR RPN 6
4.+4 Prireiple-eftheabserpienmethod———r——— e 6
4.1.2 Molar absorption coefficient, a.......ccccoooiiiiiiiii 8
4.1.3 Optical path length, b 8
4.1.4 ADSOrbaNCe, A ... T 8
4.1.5 Surface temperature of MEMS fluidic device..............o..o A b, 8
4.1.6 Molar concentration, ¢ ......cooooiiiii N 8
5 Test sSpecimen ..o e 9
511 Test SPeCimMen ..o 9
5.1.2 Configuration of concentration measuring unit forntest specimen............|........ 9
5.1.3 Layer stack of the MEMS fluidic device......... i, 9
5.1.4 Size and shape of the micro-channel ... e, 10
5.1.5 Configuration of solution concentration measuring system...........c...c..... fooe 11
5.2 Test ProCeduUre. ..o O 13
6  Dgta analysiS.....coociiiiiiiiiii e e 14
6.1 Calculating reSUILS .....oviii e e e b 14
6.2 Test report ..o e 14
(271 [T o] 2= o 2 V28 PPN DR 16
Figure i — Schematic drawing ©f,;micro components in a MEMS fluidic device (top view) ........ 5
Figure P — Optical absorption method for determining the concentration of the solution
using a conventional cuyette (Side VIEW) .......ooviiiiiiii e b 7
Figure B — Schematic 'graph with the x-axis as the concentration, ¢ and the y-axis as
ADSOIDRANCE A ...t e 8
Figure § — Schematic drawing of a concentration measuring unit for a test specimen
based pn a MEMS fluidiC deVICEe ..o 9
Figure p £,.Schematic structure and process for preparation of MEMS fluidic device .....|...... 10
Figure i i i

Figure 7 — Schematic drawing for a MEMS fluidic device layout with microfluidic

concentration measuring unit and additional MEMS components on a single device ............. 12
Figure 8 — Schematic drawing for stand-alone measuring unit connected with another

MEMS fluidic device through tubing ... 13
Table 1 — Test unit for determining solution concentration using MEMS fluidic device........... 10

Table 2 — Table for test report for determining solution concentration by absorption
method in MEMS flUIdiC deVICE ... oo 15


https://iecnorm.com/api/?name=624b6760ee172bc9c7c1a4f6fcb4bc7c

IEC 62047-48:2024 © |EC 2024 -3-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MICRO-ELECTROMECHANICAL DEVICES -

Part 48: Test method for determining solution concentration
by optical absorption using MEMS fluidic device
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hternational Electrotechnical Commission (IEC) is a worldwide organization for standardization cg
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sted IEC National Committees.
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IEC 62047-48 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/466/FDIS 47F/472/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

accorda

nce 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
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INTRODUCTION

A MEMS fluidic device is one of the key devices in MEMS technologies, including bio-MEMS,
chemical MEMS, and micro TAS (total analytical system). A MEMS fluidic device, in general,
consists of several micro components such as inlet ports for injection of a filtered sample and
reagents to induce a sample to have the optical absorption at specific wavelength, a microfluidic
mixer for physical mixing, a micro-reactor for chemical or biological reaction, a detection area
for determining the concentration of solution using optical source and detector from the outside,
as well as outlet ports for waste-out as shown in Figure 1. All components in a MEMS fluidic
device are connected with microfluidic channels. In case there is a synthesizing solution with
absorption at a specific wavelength in a MEMS fluidic device, it is possible to determine the
concentration by using an absorption method at specific absorption wavelength based on the

Beer-Lambert law [1]1. MEMS fluidic devices are more cost-effective than conventional.g
tools aphd methods since expensive reagents and human power are used less-.and

monito
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Figurd 1°<,Schematic drawing of micro components in a MEMS fluidic device (top

1

micrdfluidic mixer
micrdfluidic channel
micrd-reactor
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ing is enabled.
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SEMICONDUCTOR DEVICES -
MICRO-ELECTROMECHANICAL DEVICES -

Part 48: Test method for determining solution concentration
by optical absorption using MEMS fluidic device

1 Scope

This p{rt of IEC 62047 specifies the requirements and testing method to determine thexg
concenfration by optical absorption using MEMS fluidic device.

2 Normative references

There are no normative references in this document.

3 Tefms and definitions

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

ISO arnd IEC maintain terminology databases foriuse in standardization at the fg
addresses:

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

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

3.1

microfluidic mixer

MEMS [fluidic device for mixingsmore than two liquid samples in microfluidic chanr
chamber

3.2

MEMS [fluidic channel

microf|uidic channel

channﬁl in sub-miefon or micron dimension to deliver liquid or gas, fabricated usu

micro

achining.or MEMS techniques

4 Teptimethod

4.1 General

411

Principle of the absorption method

olution

llowing

el and

ally by

The principle of the absorption method for determining the concentration of a solution is based
on the Beer-Lambert law. As shown in Figure 2, Beer-Lambert law relates the optical

attenuation of a physical

material containing a single attenuating species of uniform

concentration to the optical path length through the sample and absorptivity of the species with
the following Formula (1):

A=—-logT =log(1/T)=a-b-c

(1)
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where:
A is the absorbance, expressed as a ratio;
T is the transmittance, expressed as the ratio of transmitted intensity to the incident

intensity = 1/I;

a is the molar absorption coefficient, expressed in per molar concentration per optical path
length (in M-Tem-1);

b is the optical path length (in cm);

c is the molar concentration (in M).
Based ph-the Beer-l ambert |9\AI’ the molar r\nnr\onfrafinn’ c (in I\II), is—calculated-as—a-function
of the molar absorption coefficient, « (in M-Tcm-1), optical path length & (in cm), and absqrbance
A (ratio]), with these parameters being given or measured at a specified temperature \(in| °C) for
the MEMS fluidic device.
1
/A 6 7
4 /‘ 5
3 IEC
Key
1 specimen (solution) with molar concentration, ¢
2 opticgl path length, b
3 cuvefte
4 opticgl source (laser)
5 opticgl detector (photodiode)
6 incident intensity, 7,
7 transmitted intensitys.7
Figure.2 — Optical absorption method for determining the concentration
of the solution using a conventional cuvette (side view)
Figure 3presentsa graph where the x=axis 15 theconcemtration ¢ (im M)yandthey-axis is the

absorbance 4. For a molar concentration under 10-3 M, Formula (1) is linear.
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Absorbance 4 [ratio]

4.1.2

The m
measuf
given w
coeffici

intensifly of the incident and transmitted light-for a solution whose the concentration, ¢, is

The ca

41.3

The op
MEMS

shall bg recorded in the test report.

4.1.4

The ab
to the i
report.

I | I
0 0,5E-3 1E=-3
Concentration ¢ [unit: M]

Figure 3 — Schematic graph with the x-axis as the concentration,
c and the y-axis as absorbance 4

Molar absorption coefficient, a

olar absorption coefficient or molar attequation (or extinction) coefficien
ement of how strongly a chemical species<absorbs, and thereby attenuates, lig
avelength. The unit of molar absorption daefficient is M-Tcm=1 [1]. The molar abg
ent is calculated using a = 4/bc, derived*from Formula (1) in advance by measu

culated molar absorption coefficient’shall be recorded in the test report.

Optical path length, »

tical path length is the\length for the incident light to pass through the solutior
fluidic channel. Thewnit of optical path length is cm. The measured optical path

Absorbance, 4

ncident-intensity in Formula (1). The measured absorbance shall be recorded in

t is a
ht at a
orption
ing the
known.

in the
length

sorbance of the solution is related to the transmittance, the ratio of transmitted intensity

he test

4.1.5

Surface temperature of MEMS fluidic device

Because the solution concentration depends on the surface temperature of the MEMS fluidic
device, the measured surface temperature of the MEMS fluidic device shall be recorded in the
test report.

4.1.6

Molar concentration, ¢

Molar concentration is a measure of the concentration of a chemical species, in particular of a
solute in a solution, in terms of the amount of solution per unit volume of solution [1]. The unit
of molar concentration is M. The calculated molar concentration based on Formula (1) shall be
recorded in the test report.
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5 Test specimen

5.1.1

Test specimen

The test specimen is a liquid solution without any solid particle in the MEMS fluidic device.

5.1.2

Configuration of concentration measuring unit for test specimen

A concentration measuring unit for the test specimen consists of a MEMS fluidic device, an
optical source such as laser, and an optical detector such as photodiode as shown in Figure 4.
The optical source and the optical detector are aligned with the microfluidic channel in the
perpendicular direction to the MEMS fluidic device.

Key
1 MEM

micrd

optic

a h O N

optic

5.1.3
A MEM

\

|
o 5

S fluidic device

fluidic channel

meaguring location

bl source (laser)

h| detector (photodiode)

Figure«d ="Schematic drawing of a concentration measuring unit
for a test specimen based on a MEMS fluidic device

Layer'stack of the MEMS fluidic device

IS\fldidic device for measuring the concentration of a fluid consists of a cover la

er and

microfluidic channel plate (see Figure 5). The microfluidic channel on the microfluidic channel
plate can be machined by an etching process, moulding, hot embossing, UV embossing process
or bonding an additional layer with a through-hole type channel on a plate, etc. The cover layer
and microfluidic channel plate are bonded or assembled to seal the microfluidic channel
(see Table 1).
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Key
1 covef layer
2 micrdfluidic channel plate
3 micrdfluidic channel
4 additjonal layer blanked
2  bond|ng or assembling
b macHined by etching, moulding, embossing, etc
¢ bond|ng to form microfluidic channel
Figyre 5 — Schematic structure and process for preparation of MEMS fluidic deyice
Tablg 1 — Test unit for determining solution concentration using MEMS fluidic dgvice
Material Specifications
Cover lpyer Transparent and bondable Nominal thickness shall be between 0,500 mm and 1|mm.
material, for instance glass The tolerance of the nominal thickness shall be +5 %
Microfldidic Etchable or formable materials; Nominal thickness shall be between 0,500 mm and 1|mm.
channe for instance silicon The tolerance of the nominal thickness shall be +5 %
plate
Bottom|layer Transparent and bondablé Nominal thickness shall be between 0,500 mm and 1|{mm.
material, for instance glass The tolerance of the nominal thickness shall be 5 %
5.1.4 Size and shape-of the micro-channel
The sizZle of the migrofluidic channel shall be several hundred micro-meters in depth or width, or
both. The length~6f the microfluidic channel shall be at least few millimetres for fully developed

flow at
of the |
greater

the measuring position. The width of the microfluidic channel is larger than the spot size

ne area

ght beam from the optical source. The spot size of the light beam is defined as t
than 75 % of intensity for gaussian distribution of the intensity. The overall siz

of the

measur

INg unit IS several centimetres Dy several centimetres 10 Include microtiuidic Channel

and holding area. The configurations and dimensions for the measuring unit of a MEMS fluidic

device

are shown in Figure 6.
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1 midrofluidic channel

2 fibrp optic light source with laser

3 fibrp optic detector with photodiode

4 length of the microfluidic channel, L

5 width of the microfluidic channel, W

6 height of the microfluidic channel, b

7 dianeter of the probe of the fibre optic light squrce with laser or fibre optic detector with photodidie,
8 dianeter of the laser beam at measuring point, e

9 clearance between fibre optic light source and MEMS fluidic device, f
10 cled@rance between fibre optic detecter and MEMS fluidic device, g

11 totgl thickness of the MEMS fluidiC device, ¢

Figufe 6 — Configurations and dimensions for measuring unit of MEMS fluidic device

5.1.5 Configuration of solution concentration measuring system

The migrofluidi¢c channel of the solution concentration measuring unit is connected to test fluids
supplying theSMEMS unit such as mixer, reactor, etc., through either on-device micro-¢hannel
or plugged-in'tube.

The overall size of the MEMS fluidic device with an on-device MEMS unit shall be several
centimetres by several centimetres. However, the size of the test specimen is larger so that it
can be fastened into the test specimen holder of the concentration measurement equipment.

Figure 7 shows the schematic MEMS fluidic device with an on-device MEMS unit at the left-
hand side (top view) and a detection part at the right-hand side (side view) as the test specimen.
A laser is used as an optical source, and a photo diode matched to the laser is used as an
optical detector. The key dimensions of the test specimen shall be recorded in the test report.
The optical absorbance of the test specimen (solution) is measured in a stationary state in the
detector part controlled by a micro syringe pump (not shown) for inlets.
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i IEC

Key

-

inlet ports
micrdfluidic mixer
micrdfluidic channel
micrdfluidic reactor
detedtion area
outlef port
meaguring unit

flow dlirection

© 0o N o o b~ w N

MEMPB components upstream and downstreamisuch as mixer, reactor, ports etc.

Figure 7 — Schematic drawing for a MEMS fluidic device layout with microfluif’ic
con¢entration measuring unit.and additional MEMS components on a single deyice
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1 inlet
micrd
micrg
micrg
MEM
conn

flow

o N o g b~ W N

stand

An exa
The me
stabiliz

borts

fluidic mixer

fluidic channel

fluidic reactor

S fluidic device with microfluidic companents
ecting ports

irection

-alone measuring unit

Figure 8 — Schematic drawing for stand-alone measuring unit connected
with"another MEMS fluidic device through tubing

mple of the“eoncentration measurement using a MEMS fluidic device is shown F
asurement apparatus also includes a cover because measurements shall be n
ed temperature. The cover is not shown in Figure 8.

gure 8.
hade at

5.2 1

Festprocedure

The solution concentration is measured while the test specimen is in a stationary state
controlled by a syringe pump (not shown) for inlets in the measuring unit at a specified
temperature.

The test procedure is as follows:

a) Fasten the measuring unit to the holder in the horizontal direction and make the measuring

unit

contact with the temperature control unit.

b) Set the fibre optic laser and fibre optic detector at a distance where the incident beam can
be focused mostly into the micro-channel and the transmitted beam can be focused mostly
into the detector from the upper and lower surface of the measuring unit and align the fibre

opti

¢ laser, microfluidic channel and fibre optic detector.

c) Set the test parameters including surface temperature and intensity of the fibre optic laser.
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d) Turn on the heating element and wait until the surface temperature has reached the target

temperature (target temperature £ 1 °C).
e) Prepare the reference fluids whose concentrations are known.

f) Measure the absorbance while a reference fluid is in a stationary state.

g) Make air flow through the microfluidic channel by suction from an outport to evacuate the

fluid measured previously.

h) Repeat f) and g) until all reference fluids prepared are used to measure their absorbances.

i) Estimate the molar absorption coefficient « from the measured absorbances using the

reference fluids.

j) Measure the absorbance of the test specimen (solution) in a stationary state controlled by

a mficro syringe pump (not shown) for inlets and calculate the molar concentrationyc

k) Stop the concentration test.

[) Turp off the heating element.

a) Thg molar absorption coefficient a from absorbances calculated for reference fluidg

on fhe Beer-Lambert law based on Formula (1). Using Formula (1),
A |is measured;

a |is to be calculated;

b lis known;

¢ |is known.

b) Theg molar concentration of the test specimen based on Beer-Lambert law gi

Formula (1):
A |is measured;
a |is known;
b |is known;

¢ |is to be calculated.
6.2 Test report
The tegt report shatlinclude the following items:

a) desgription 'of'test specimen;

b) tesfinformation including surface temperature;

c) refdrence fluids

based

ven by

e number of reference fluids;
e molar concentration of each reference fluids;
d) absorbances for each reference fluid;
e) calculated molar absorption coefficient « for reference fluids;
f) absorbance for test specimen;
g) calculated molar concentration;
h) date of the tests;
i) name of organization that has done the test;

j) reference to this document.

The test report for determining solution concentration by the absorption method in the MEMS

fluidic device is summarized as shown in Table 2.
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