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Part 18-4: Semiconductor bio sensors — Evaluation method of noise
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promoteinter;
peration on all questions concerning standardization in the electrical and electronic fieldsxTo this 4

aration is entrusted to technical committees; any IEC National Committee interestéd in the subject dg
participate in this preparatory work. International, governmental and non-goveramental organizations

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter

Publications have the form of recommendations for international use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are madei\to ensure that the technical content
lications is accurate, IEC cannot be held responsible /for.the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC Natiénal Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and regional publications. Any divergence b
IEC Publication and the corresponding national'@nregional publication shall be clearly indicated in th

itself does not provide any attestation of cenformity. Independent certification bodies provide cor
pssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they have the_latest edition of this publication.

iability shall attach to IEC or its~directors, employees, servants or agents including individual exps
hbers of its technical committees-and IEC National Committees for any personal injury, property dan
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg
bnses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to the_Normative references cited in this publication. Use of the referenced publica
Epensable for the correct application of this publication.

ntion is drawn to‘the possibility that some of the elements of this IEC Publication may be the subject o
ts. IEC shall‘not be held responsible for identifying any or all such patent rights.

D747-18-4 has been prepared by subcommittee 47E: Discrete semiconductor devig
chmical committee 47: Semiconductor devices. It is an International Standard.

prising
ational
nd and
eports,
Their
alt with
liaising

the IEC also participate in this preparation. IEC collaborates closely with the.lnternational Organizgtion for

ions.

ational
rom all

ational
of IEC
or any

cations
etween
b |atter.

formity
for any

rts and
hage or
s) and
er IEC

tions is

patent

es, of

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

Draft Report on voting

47E/778/CDV 47E/790/RVC

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 60747 series, published under the general title Semiconductor
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 re¢onfirmed,
e withdrawn,
e replaced by a revised edition, or

e anpended.

IMPORTANT - The "colour inside"” logo on the cover page of)this document indigates
that |t contains colours which are considered to be useful-forthe correct understanding
of itg contents. Users should therefore print this document using a colour printer
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INTRODUCTION

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

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

CMOS

e IEC 60747-18-2 [1]" defines the evaluation process of lens-free CMOS photonic array

sensor package modules;

o |EC 60747-18-3 [2] defines the fluid flow characteristics of lens-free CMOS photonic array

sensor package modules with fluidic system;

e |ELC 60747-18-4 defines the evaluation method of noise characteristics of lens-freg
phlotonic array sensors;

CMOS

e |ELC 60747-18-5 [3] defines the evaluation method for light responsivity characterisjics of

lens-free CMOS photonic array sensor package modules by incident angle offight.

The IHC 60747-18 series [4] includes subjects such as noise analysis, long-term reliability| tests,
test methods for lens-free CMOS photonic array sensor package modules under patg¢hable

envirgnments, test methods under implantable environments, etc.

T Numbers in square brackets refer to the Bibliography.
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SEMICONDUCTOR DEVICES -

Part 18-4: Semiconductor bio sensors — Evaluation method of noise

characteristics of lens-free CMOS photonic array sensors

1 Scope

This (
CMOS
test it
photo

2 N

art of [EC 60747 specifies the evaluation method for noise characteristics of len
photonic array sensors. This document includes the measurement setup, test proe
ems, evaluation method, and test report for noise characteristics of lens~free
Nic array sensors.

prmative references

The fq

llowing documents are referred to in the text in such a way that;some or all of their ¢

s-free
pdure,
CMOS

bntent

constifutes requirements of this document. For dated references,conly the edition cited applies.

amen

IEC 6
methd

3 T

For th

ISO a
addre
e |E
e |S
3.1

noise
unwar

Note 1
unwant

For L£ndated references, the latest edition of the referenced document (includin

ments) applies.

D747-18-1:2019, Semiconductor devices — Part 1831: Semiconductor bio sensors
d and data analysis for calibration of lens-free €MOS photonic array sensors

brms and definitions
e purposes of this document, the fallowing terms and definitions apply.

hd IEC maintain terminology\.databases for use in standardization at the fol
5Ses:

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

D Online browsingiplatform: available at https://www.iso.org/obp

ted varijations in the response of an imaging system

to entry: Spatial noise is unwanted variations that are consistent for every exposure. Temporal
bd time variance in the response of an imaging system. Noise of imaging systems also includes phot]

j any

- Test

owing

oise is
pn shot

noise a

danalogus-nrocessing-and-guantization-noise—which varigs from one-image-to-the-next
J Ld I - 7 9 N

[SOURCE: ISO 21550:2004 [5], 3.14 and ISO 15739:2017 [6], 3.9, modified — The note has
been added.]

3.2

spatial noise

spatia

| variation in pixel output of photonic array sensor

Note 1 to entry: The location and time of occurrence is not predictable. Dark Fixed Pattern Noise (FPN) is static
variation of the offset in the dark signal from pixel to pixel. Photo-response non-uniformity is non-uniformity in the
spatial variation of pixel values for a specific illumination level (e.g., 50 % saturation level) and lighting condition.
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3.3

temporal noise
random variation in the signal that fluctuates over time

Note 1

4 M

to entry: Occurrence is location-based due to the underlying structure. Considering the full pipelines from
photon to final image data, temporal noise can mostly be removed by image signal processors from the system. Dark
current shot noise is a result of thermally random generation of electron-hole pairs in dark conditions. In contrast,
photo-electron shot noise is due to the statistical variation of generated/excited electron-hole pairs due to random
arrival of impinging photons under illumination. It obeys a Poisson statistic. Read noise is the result of various noise
sources, such ADC noise, temporal row noise, and other noise sources, due to in-pixel transistors [7].

easurement setup

4.1

The

1) input component: light power and its two-dimensional distribution as well-as stabilit

ti

2) enpironmental factor: temperature. The evaluation environment.provides a metho
allbws to control these factors and to obtain numerical results with-the necessary acc

T
lag

4.2

All m
IEC 6

5 Measurement

5.1

Each
and th

be sta
The m

General

ajor input factors and environmental factors affecting sensor noise characteristics

e, electric inputs;

e noise characteristic of the lens-free CMOS photonic array/Sensor depends on the
, black level, dark signal, temporal noise, fixed-pattern noise, cross talk, etc.

Measurement system

pasurements shall be performed under the standard conditions, according to
)747-18-1:2019.

General

bixel of the CMOS photonic artay sensor experiences noise from multiple noise sq

istically processed in-order to cope with such noise and spatial variations in respon
easurement workflow. may be carried out in accordance with Figure 1.

Set-the exposure time and analog gain in compliance with test items and
evaluation method

Set up the measurement system according to 4.2 in IEC 60747-18-1:2019

;

are:

over

4 that
Liracy.
mage

1.2 of

urces

ere are responsivity variations between pixels in the array sensor. Therefore, multiple
measnurements with the samerinput and environment factors should be made and these 5

hould
sivity.

=] tha neor-board-aboutd-5-m-distance-from-the Iighi sorce-on-tha
=t HSOBodta 3 + He-tHe-Hght o -t

measurement system

Modify the exposure time and analog gain in compliance with test items and
evaluation method

Capture raw images in compliance with evaluation method and test items ‘

'

‘ Measure test data in compliance with evaluation method and test items ‘

Test report
IEC

Figure 1 — Measurement workflow
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5.2 Spatial noise
5.21 DFPN: Dark fixed pattern noise (without illumination)
5211 General

The dark signal and offset values are different for each pixel of a photonic array sensor. Those
two factors are the main source of DFPN. In general, the dark signal is a function of temperature
because the generation and recombination rate of semiconductors are strongly related to
temperature. Integration time is also an important condition because the dark signal increases
when the integration time gets longer. Therefore, these two conditions should be accounted for
when measuring FPN (fixed pattern noise).

5.21.2 Step 1: n trial of frame capture

The dgata of a single frame is measured, and the same measurement is repeated n.times|to get
the statistics of the frame, as shown in Figure 2.

Frame 1
Frame 2
Frame 3
Frame n—1
Frame n

o (pixel (i, )1, pixel (i, /)2, ..., pixel (i, j)n)

n trial

Ex.) n: 10 frame ~ 30 frame

IEC
Figure 2 — n trial data of frame capture

5.2.1.8 Step 2: Averaging rn trial captured frames varying integration time

The n|trial captured data should be used to cancel temporal random noise. The noisqg level
inducgd by a_dark signal depends on integration time. Thus, this item should be measured with
various integration times at a fixed temperature. And the integration time should be chosen with
consideringthe device operating range and application operating speed.

5.21.4 Step 3: Subtraction of offset frame data (offset cancelled data)

As shown in Figure 3, the averaged dark frame data with the shortest integration time is used
to remove the offset variation. Because the dominant source of dark fixed pattern noise is the
offset variation not the dark signal with shortest integration time. In contrast, the longest
integrated data includes more dark signal compared to the offset. So, in order to measure DFPN
without offset variation, subtract the short-integrated data from the long-integrated data, as
shown in Figure 3. The shortest integration time and the longest integration time are the values
those are defined by device manufacturer.
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Long integrated Short integrated Subtracted value

Frame (n trial average) Frame (n trial average) (offset noise canceled)

o (pixel (1), ..., pixel (7))

5.2.1.

Finally

where

the ith
avera

5.2.2

5.2.2.

IEC
Figure 3 — Dark frame subtracted data

b Step 4: Calculate dark fixed pattern noise as DFPN (offset cancelled)

, calculate the value of dark fixed pattern noise by using the following equation:

Npgp = %g(p(i)—,g)z ;

Npgp is the value of DFPN (dark fixed pattérn noise), p(i) is the subtracted pixel v

position of the array of the photonic sensor, and N is the total number of pixels. S|
e value of all the p(i) values within the number of N.

PRNU: Photo response non uniformity (with illumination)

( General

lue of
is the

FPN should be measured with.illumination as well, because the different response of each pixel

isas
define

5.2.2.

In this|

purce of FPN, eventwith spatially uniform lighting. The value of FPN with illumina
d as PRNU, which\belongs to spatial noise.

p Step 1:'Set-up test environment

measurement, the uniformity of the light source should be checked before measurg

fion is

ment.

The integration time of the photonic sensor should be fixed as a short value in order to mifimize

the ef

fect of dark fixed pattern noise. The light intensity should be controlled as much &

s half

of the

full“scale deflection.

5.2.2.3 Step 2: n trial of frame capture

To cancel temporal random noise, capture and average the data of n frames. This averaged
image data should be prepared for both the light conditions and dark conditions both. And then,
subtract dark averaged image from light averaged image in order to eliminate dark fixed pattern

noise.

This subtracted image is used for calculating PRNU.
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4 Step 3: Calculate PRNU (photo response non uniformity)

Finally, calculate the value of PRNU by using following equation:

where

pixel
the lo

The Id

NPRNU:%X1OO’

togetd, , =1, —mm——- I —I .
LJj LJj (2 K+ 1)2 1 oK mar K nm i,j

such @s a stain on the packaging glass of the image sensor or a shading effect, which

energ
u use

j to calculate PRNU is the average value of allithe pixels within the subtracted i

And this subtracted image size is M by N. When dealing with pixels at the edge of the ar

calcul
of the

5.3
5.3.1
5.3.1.

Randq

local average of those inside the array.

Temporal noise
RRN: Random read noise

( General

Nprny is the value of PRNU (photo response non uniformity), V; ; and 7, ,, denofte the
alue of the subtracted image after processing step 1 and step 2 mentioned above. For
Cality K, it is usually set as 5, which corresponds to one percent of HD image resolution.
cal deviation ¢ has the role of processing and filtering noise’from uneven light condjtions,

is the

V perception difference between the centre and thedgorner by photon flux density [§]. The

mage.
ay for

btion purposes, the pixel values outside the. array should be extrapolated from the|value

m read noise is the unpredictable variation while reading the signal of a pixel from a

CMOS§ photonic array sensor in an unilluminated state. This measurement extends to phptonic

electr

shot n

considering the effect of the ADC circuit of the photonic array sensor.

5.3.1.
As sh

data 4

p Step’' 1: Subtraction of the data from the two continual frames

bwh'in Figure 4, the differences between the current frame data and the previous

bn shot noise whenit'is measured in an illuminated state. In a dark state, the dark qurrent
oise and in-pixéltransistor noise is the dominant source of random read noise, without

frame

re.collected, and the differences between the data are stored to get the statistids (the

data reduction) for extracting random signals (excluding fixed signals), especially fixed pattern

noise.
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5.3.1

The ¢

where| Nrr is RRNy(random read noise), p(i) is the captured pixel value of the ith position of
of phqtonic sensor, Ny, is read noise within number of n frames, and & is the instanta’Eeous

numb
comp
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A
Frame a Frame a + 1 (= Subtracted value)

Frame 1

Frame 2
Frame 3

Frame n —1
P Frame n
A1-2

A2-3 =7\ BN

Ex.) n: 10 frame ~ 30 frame

An=1)—-n

Figure 4 — Two frame subtracted data

B Step 2: Calculate RRN (random read noise)

1 n-1 9
Np&l= _12NR,k
=1 =1

ul 2
D (P = p(i)gs1)

i=1

Nry =

2N

o (pixel (i, )1, pixel (i, )2, .,pixel (i,|j)n)

IEC

blculation of RRN is based on the standard.:deviation by using subtraction fram¢ data
which|cancels fixed pattern noise:

array

nsation for the added noise caused by the subtracting process [7].

eans

? of frames. N is the total number of pixels. Dividing by the square root 2
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6 Test report

The test report shall include the following information. An example of a test report is in Annex A
(Table A.1).
a) Environment factors:
— temperature
— humidity
b) Specification of the lens-free CMOS photonic array sensor:
— pixel size
— | ADC bit depth
— | resolution

— | responsivity
— | dynamic range
— | the shortest integration time
— | the longest integration time
c) Evaluation result of noise:
— | dark fixed pattern noise
— | photo response non-uniformity
— | random read noise

— | representative value table of the sensor



https://iecnorm.com/api/?name=bcdb1c8c6084dc05ac2dfdd0b07bc52a

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Measurement setup
	4.1 General
	4.2 Measurement system

	5 Measurement
	5.1 General
	5.2 Spatial noise
	5.2.1 DFPN: Dark fixed pattern noise (without illumination)
	5.2.2 PRNU: Photo response non uniformity (with illumination)

	5.3 Temporal noise
	5.3.1 RRN: Random read noise 


	6 Test report
	Annex A (informative)Test report
	Bibliography
	Figure 1 – Measurement workflow 
	Figure 2 – n trial data of frame capture
	Figure 3 – Dark frame subtracted data
	Figure 4 – Two frame subtracted data
	Table A.1 – Test environment specifications of CMOS photonic array sensor

