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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 18-2: Semiconductor bio sensors — Evaluation process of lens-free
CMOS photonic array sensor package modules

EQREWQRD
1) Thel International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all |national electrotechnical committees (IEC National Committees). The object of IEC rissto gromote

intefnational co-operation on all questions concerning standardization in the electrical and electronic figlds. To
this| end and in addition to other activities, IEC publishes International Standards, Technical Specifi¢ations,

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National €Committee interested
e subject dealt with may participate in this preparatory work. International, \governmental arjd non-
governmental organizations liaising with the IEC also participate in this preparation.* IEC collaborates|closely
the International Organization for Standardization (ISO) in accordance_ With conditions determined by
agregement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical matters express, as.nearly as possible, an interpational
conpensus of opinion on the relevant subjects since each technical ‘c6pimittee has representation from all
intefested IEC National Committees.

3) IEC| Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made“to ensure that the technical content| of IEC
Publications is accurate, IEC cannot be held responsible forvthe way in which they are used or for any
mis|nterpretation by any end user.

4) In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publjcations
transparently to the maximum extent possible in their national and regional publications. Any divgrgence
betyeen any IEC Publication and the corresponding‘national or regional publication shall be clearly indigated in
the Jatter.

5) IEC]|itself does not provide any attestation afdconformity. Independent certification bodies provide conformity
assessment services and, in some areas, ‘access to IEC marks of conformity. IEC is not responsible [for any
seryices carried out by independent certification bodies.

6) Al

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual expdrts and
merbers of its technical committees and IEC National Committees for any personal injury, property darhage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe¢s) and
expenses arising out of-the publication, use of, or reliance upon, this IEC Publication or any otler IEC
Publications.

sers should ensure that they hayetthe latest edition of this publication.

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publicafions is
indispensable for.the correct application of this publication.

9) Attgntion is dfawn to the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights\HEC shall not be held responsible for identifying any or all such patent rights.

Internptional Standard IEC 60747-18-2 has been prepared by subcommittee 47E: Dipcrete
semic ics 2 ica ' i or devices.

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

FDIS Report on voting
47E/689/FDIS 47E/694/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60747 series, published under the general titte Semiconductor
devices, can be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indigates
that| it contains colours which are considered to be useful for the) cofrect
undgrstanding of its contents. Users should therefore print this document using a
coloyr printer.
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INTRODUCTION

The IEC 60747-18 series on semiconductor bio sensors is composed of the following parts:

e |EC 60747-18-1 defines the test method and data analysis for calibration of lens-free
CMOS photonic array sensors

e |EC 60747-18-2 defines the evaluation process of lens-free CMOS photonic array sensor

package modules

o |EC 60747-18-3 defines the fluid flow characteristics of lens-free CMOS photonic array
sensor package modules with fluidic system

The IEC 60747-18 series includes subjects such as noise analysis, long-term reliability
ethods for lens-free CMOS photonic array sensor package modules under-patd
envirgnments, test methods under implantable environments, etc.

test

tests,
hable

The Ipternational Electrotechnical Commission (IEC) draws attention to ithe fact that it is
claimgd that compliance with this document may involve the use of paténts given in s
subclguses as indicated in the table below. These patents are held: by their resp

everal
ective

inventors under license to SOL Inc.:

KR1020150187389 (soL] | I'he method of calibration of packaged'photonic Subclause 5.2.1, 5.2.2
sensor pixel array by evaluating its characteristic

PCT/KR2016/006109 [SOL]
METHOD FOR EGORRECTING OPTICAL Subcl 523|524

US15/5[77586 [SOL] | SENSOR ARRAY MODULE THROUGH Pr-aanat il M
CHARACTERISTIC EVALUATION o

JP2017562062 [SOL]

IEC tgkes no position ¢goncerning the evidence, validity and scope of this patent right.

The hplder of thisspatent right has assured the IEC that he/she is willing to negotiate ligences

under|reasonable-and non-discriminatory terms and conditions with applicants throughqut the

world| In this.respect, the statement of the holder of this patent right is registered with IEC.

Informationm may be obtained from:

SOL Ibc

H Business Park

C1010, 26, Beobwon-ro 9-gil, SongPa-Gu

Seoul 05838

Republic of Korea

Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights other than those identified above. IEC shall not be held responsible for
identifying any or all such patent rights.

ISO (www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line data bases of
patents relevant to their standards. Users are encouraged to consult the data bases for the
most up to date information concerning patents.
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SEMICONDUCTOR DEVICES -

Part 18-2: Semiconductor bio sensors — Evaluation process of lens-free
CMOS photonic array sensor package modules

1 Scope

This
sensof package modules. This document includes the measurement environment, off
process, statistical analysis of test data, middle layer effect under various.\user
evalugtion of calibrated lens-free CMOS photonic array sensor package modules, an

2 Nprmative references

The following documents are referred to in the text in such a way that some or all o
content constitutes requirements of this document. For dated ‘references, only the ¢
cited applies. For undated references, the latest edition of the referenced document (inc
any amendments) applies.

IEC 69747-18-1:2019, Semiconductor devices — Part18-1: Semiconductor bio sensors
methqd and data analysis for calibration of lens-free;XCMOS photonic array sensors

3 Terms and definitions
For the purposes of this document, the-following terms and definitions apply.

ISO apd IEC maintain terminological databases for use in standardization at the fol
addregses:

o |EL Electropedia: available at http://www.electropedia.org/

e ISP Online browsing.platform: available at http://www.iso.org/obp

3.1
lens-free CMOS{photonic array sensor package modules

devicg compesed of a lens-free CMOS photonic array sensor, middle layer, user ligh
light spurce'second light source) and its own dark box

array
each
light,
d test

f their
dition
uding

- Test

owing

(first

SEE: Figure T.

Note 1 to entry: Lens-free CMOS photonic array sensors are extensively utilized in bio-diagnostic devices,

healthcare devices, lens-free microscopes, and patchable/implantable medical devices.

Note 2 to entry: The sensing environments of such a lens-free CMOS photonic array sensors are typically

different from those of general-purpose image sensors which are normally mounted with an external lens in
housings.

module
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\
User darkbox
. Fluorescent dyers
1% light source (2" light source)
A
- @
>
o
o
kel
ie]
=
y
Lenstfree CMOS photonic
array| sensor package module Lens-free CMOS
photonic array
sensor
NG J
IEC

Higure 1 — Example of lens-free CMOS photonicQQray sensor package moduleg

3.2 \<2

photonic responsivity &

ratio df the output electric signal of a sensor E&@e input light power
b\

Note 1 fo entry: It is in general a function of wav@th and of incident power.
N

Note 2 fo entry: Photonic responsivity as a f r%ion of wavelength is referred to as spectral responsivity.

Note 3 fo entry: Units for output electri&:élgnal are V, A, or DN.

N
3.3 O
linearfity .
ability| of a pixel of an@%/ sensor to provide an output having a linear relationship with an

input light power C)

[SOURCE: IEC @-18-1:2019, 3.3].
O
4 N1e§?/ﬁ'ement setup
AN

4.1 General

The lens-free CMOS photonic array sensor package modules can include a middle layer, user
light sources as shown in Figure 1 to be evaluated at each step for a more precise calibration.

4.2 Measurement system

All measurements shall be performed under the standard conditions, according to 4.2 of
IEC 60747-18-1:2019, as shown in Figure 2 and Figure 3. All items mentioned in 4.2 of
IEC 60747-18-1:2019 shall also be defined.
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Light source

Sensor board

Jig

Jiq for alignement of sensor’s position
- x, ¥, z, azimuth, rotation

Parallel light

R

\9“,‘&'

v+ 1+ 1+ Sensor
g

©
Sensor
(pixel)

Dark box

Inciden Sensor boarfl

- Wavelen - Temperatur
- Inter%/ - Clocks
- Inej,{(:| angle - Biases

- m imensional distribution
Temporal variation
N Polarization

IEC

Figure 2 — Example of measurement system with incident parallel light

The photoelectric characteristics of a sensor board shall be measured using the system
shown in Figure 3 by each step of the structure component of the package modules.
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Standard dark box Standard dark box
l Colliminated light
I,=VIR, I;=VIR,
Digital number Digital number
; A
[ADC [ADC
T T User light
Signal o Signal -~ ol
/\chain ' ' ' ] + /\chain {») T (-
| RN
Temperature 1 Temperature 'qb
SeNsor  pr——— sensor 7 4
CMOY photonic ERES (\ 8 CMOS photonlc v 1.5 l ‘1/
- - J - .
array| sensor - array sensor 0O . {
Calibrated | Calibrated™)..# v
It photonic sensor photonic s'@
/\ ’
IEC /\ IEC
” o
s\\ Standard dark box
Standard dark box Q
— - N 1=V
Colliminated light I-VIR g‘\o 1
. Digital number
Digitpl number A~ 1
) [} A b
IADC IADC User light l
| X . ‘Signal o RSN
s A A, i/
- - Middle I h
Middle Iayer cdeayerk BN 4 I
Mmperature
Temperature L sensor —
sensor CMOS photonic . -
CMOSs photonlc array sensor AEA R O
array|sensor ' L
! Cali o "
wﬁ — photonic sensor
sensor
- *
\ IEC IEC

c)

<</C) Figure 3 — Example of photoelectric measurement schematics
N\

d)

5 Measurement

5.1 General

All results shall include the accuracy information of the test performed and the information of
the measurement system used for the product. The parameters defined in the product
specifications shall be tested according to the procedure described in the test and calibration

flow in Figure 4 and Figure 5.
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The configurations in 4.2 shall be set up prior to the measurement of the lens-free CMOS
photonic array sensor package modules. To ensure the best results, the key parameters
(temperature change, wavelength, incident angle, etc.), which can affect the sensor
characteristics and the measurement, shall be rechecked and managed properly. In other
words, the factors which can affect the characteristic values of the sensors such as the
ambient temperature, the condition of the incident light and the sensor board, etc. shall be
checked and the corresponding configurations set up accordingly.

Default setup configuration
(integration time, gain, etc.)

Extrgct and apply first calibration value from
meagurement data of the photonic array
senspr in dark box using representative value
undgr standard light source.

Extract and apply third calibration value from
measurement data of the packaged sensdr
under application light source inydark box.

Extrgct and apply second calibration value from Apply fourth calibratiofpyalue and release the
meagurement data of the photonic array sensor calibred module to-user.
in dafk box under user application light source.

Screen the module with guided value in

Extrgct and apply third calibration value from genergipondition when needed.
meagurement data of the packaged sensor
undgr standard light source in dark box.

IEC

Figure 4 — Test and calibration flow diagram

In the standard condition In general conditjon
4 N\
4 N\ 4 A 4 N\
Al standard light C;,gs"tandard light D D1
' User User
vyvvvyy YYYYYY application application
light light
& o
V" ¥ VRNTTY Y S S
_ Sehsor J \___Package sensor ) \___Package sensor ) Package senspr
e N e N
B E E1
User User User
application application application
light light light
e G o
3N TY T
pm——
\ Sensor Y, \____Package sensor ) Package sensor
G J

IEC

Figure 5 — Test and calibration flow schematics
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5.2

5.2.1

Measurement in the standard condition

General

All tests shall be performed under well certified and defined conditions to avoid any external
disturbances.

5.2.2

A: Sensor characteristics

5.2.2.1 General

The purpose of this step is to test the sensor characteristics (planarization and linearity) in the

standgrd condition. For example, the measurement for the sensor characteristics IS pert

as shq

5.2.2.
5.2.2.

The fr|

5.2.2.

The fr|

5.2.2.
5.2.2.
The r

lookup table of the representative value corresponding to each pixel shall be made acc

wn in Figure 3a) and Figure 6.

p Measurement
.1 Planarization

ame measurement shall be performed according to 5.2.1 of IEC60747-18-1:2019.

p.2 Linearity

ame measurement shall be performed according to 5.2:2 of IEC 60747-18-1:2019.

B Data analysis
8.1 Planarization

bference pixel shall be determined according to 6.2.1 of IEC 60747-18-1:2019

to 6.2|2 of IEC 60747-18-1:2019. The lookup table (Lookup table_A_RVP) shall be inclu
the tegt report.

5.2.2.8.2 Linearity

Light |intensity effective area for linearity shall be determined according to @
IEC 60747-18-1:2019. The_leokup table of light intensity effective area for linearity sh
written in test report. Fhe*lookup table (Lookup table_A_RVL) shall also be included
test rgport.

5.2.2.4 Calibration

A calibrationfookup table shall be created using the lookup table_ A RVP in 5.2.2.3.1 a
lookup table’ A RVL in 5.2.2.3.2 according to Table 1 of IEC 60747-18-1:2019. The caib

looku

brmed

. The
prding
Hed in

.3 of
all be
in the

nd the
ration

table (Lookup table A CAL) shall also be included in the test report.
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Figure 6 — Example of measurement for sensor’characteristics

B: Spatial uniformity of user light

( General

The p
pixel

mounfing position, the angle of the user light and the spatial non-uniformity of the s

shall
comp
Figurs

5.2.3.
5.2.3.
The fr|

5.2.3.
The fr|

urpose of this step is to test the spatial uniformity of the photonic responsivity
y the incident user light at each pixel. Based on the characteristics of the user lig

e measured. The calibration table of'the imbalance of the light source shall be cr

ring the sensor data. The measurement is performed as shown in Figure 34
7.

p Measurement
.1 Planarization

ame measurement’shall be performed according to 5.2.1 of IEC 60747-18-1:2019.

p.2 Liqearity

pme measurement shall be performed according to 5.2.2 of IEC 60747-18-1:2019.

of the
nt, the
irface
pated,
) and

5.2.3.1

B Data analvsis
4

5.2.3.3.1 Planarization

The reference pixel shall be determined according to 6.2.1 of IEC 60747-18-1:2019. The
lookup table of the representative value corresponding to each pixel shall be created
according to 6.2.2 of IEC 60747-18-1:2019. The lookup table (Lookup table_B_RVP) shall be
included in the test report.

5.2.3.3.2 Linearity

The light intensity's effective area for linearity shall be determined according to 6.3 of
IEC 60747-18-1:2019. The light intensity's effective area for linearity shall be written in the
test report. The lookup table (Lookup table_B_RVL) shall also be included in the test report.
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5.2.3.4 Calibration

A calibration lookup table shall be created using the lookup table_B_RVP in 5.2.3.3.1 and the

lookup table_B_RVL in 5.2.3.3.2 according to Table 1 of IEC 60747-18-1:2019.

calibration lookup table (Lookup table_B_CAL) shall also be included in the test report.

The

5.24
5.2.4.

The p
under
expos
layer

measlrement is performed as shown in Figure 3c) and Figure 8.

5.2.4.
5.2.4.

The fr|

Sensor

Figure 7 — Example of measurement for spatial uniformity of user light

C: Middle layer effect under collimated light
| General

Lirpose of this step is to test.the effect of the middle layer on the sensor characte
collimated light. A calibration table measuring the degree of deformation durir
ure time (the time the light arrives to the sensor) shall be created by using the nj
number, characteristics, thickness, density and composition, etc. For exampl

p Measurement
.1 Plaharization

peumeasurement shall be performed according to 5.2.1 of IEC 60747-18-1:2019.

ristics
g the
iddle-
e, the

5.2.4.2.2 Linearity

The frame measurement shall be performed according to 5.2.2 of IEC 60747-18-1:2019.

5.2.4.3 Data analysis

5.2.4.3.1 Planarization

The reference pixel shall be determined according to 6.2.1 of IEC 60747-18-1:2019. The
lookup table of the representative value corresponding to each pixel shall be created
according to 6.2.2 of IEC 60747-18-1:2019. The lookup table (Lookup table_C_RVP) shall be
included in the test report.
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5.2.4.3.2 Linearity

The light intensity's effective area for linearity shall be determined according to 6.3 of
IEC 60747-18-1:2019. The light intensity's effective area for linearity shall be included in the
test report. The lookup table (Lookup table_C_RVL) shall also be included in the test report.

5.2.4.4 Calibration

A calibration lookup table shall be created using the lookup table_C_RVP in 5.2.4.3.1 and the
lookup table_C_RVL in 5.2.4.3.2 according to Table 1 IEC 60747-18-1:2019. The calibration
lookup table (Lookup table_C_CAL) shall also be included in the test report.

,Collimated |ight] | |

- ST

IEC
Figure 8 — Example of measurement for middle layer effect under collimated light

5.2.5 D: Middle layer effect under user light
5.2.5.1 General

The purpose of this'step is to test the effect of the middle layer on the sensor characteristics
under| user light/~A calibration table shall be created by measuring the binding imbalance
causefd by the.user light source and middle layer. For example, measurement is perfornjed as
showr] in Figure 3d) and Figure 9.

5.2.5.2—Measttrement
5.2.5.2.1 Planarization

The frame measurement shall be performed according to 5.2.1 of IEC 60747-18-1:2019.

5.2.5.2.2 Linearity

The frame measurement shall be performed according to 5.2.2 of IEC 60747-18-1:2019.


https://iecnorm.com/api/?name=c9c1ad9d4b1e273fc5cc8105da792d64

IEC 60747-18-2:2020 © |IEC 2020 - 15—

5.2.5.3 Data analysis
5.2.5.3.1 Planarization

The reference pixel shall be determined according to 6.2.1 of IEC 60747-18-1:2019. The
lookup table of the representative value corresponding to each pixel shall be created
according to 6.2.2 of IEC 60747-18-1:2019. The lookup table (Lookup table_D_RVP) shall be
included in the test report.

5.2.5.3.2 Linearity

The light intensity's effective area for linearity shall be determined according to 6.3 of
IEC 60747-18-1:2019. The light intensity's effective area for linearity shall be included [in the
test rgport. The lookup table (Lookup table_D_RVL) shall also be included in the testrefort.

5.2.5.4 Calibration

A calibration lookup table shall be created using the ookup table_D_RVP, in*6.2.5.3.1 apd the
lookup table_D RVL in 5.2.5.3.2 according to Table 1 of IEC 60747-18-1:2019| The
calibration lookup table (Lookup table_D_CAL) shall also be included-in the test report.

Sensor
package
module

IEC

Figure 9 — Example of measurement for middle layer effect under user light

5.2.6

Ttight
5.2.6.1 General

The purpose of this step is to test the effect of the middle layer on the sensor characteristics
under the first and second user light. In case the second light source emits light relying on
user light, as there are two different light sources with different wavelength and incident angle,
the calibration table shall be created by evaluating the characteristics of the second light
source. For example, measurement is performed as shown in Figure 10.

5.2.6.2 Measurement
5.2.6.2.1 Planarization

The frame measurement shall be performed according to 5.2.1 of IEC 60747-18-1:2019.


https://iecnorm.com/api/?name=c9c1ad9d4b1e273fc5cc8105da792d64
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