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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 14-11: Semiconductor sensors — Test method of surface acoustic
wave-based integrated sensors for measuring ultraviolet,
illumination and temperature

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh comprising
all jnational electrotechnical committees (IEC National Committees). The object of IEC is to premote interngtional
co{operation on all questions concerning standardization in the electrical and electronic fields. To this efd and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical R¢ports,
Puplicly Available Specifications (PAS) and Guides (hereafter referred to as “lEC Publication(s)”).| Their
prgparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-goveérnmental organizations ljaising
with the IEC also participate in this preparation. IEC collaborates closely with-the)International Organizatjon for
Standardization (ISO) in accordance with conditions determined by agreementibetween the two organizatfons.

2) The formal decisions or agreements of IEC on technical matters express; as-nearly as possible, an interngational
copsensus of opinion on the relevant subjects since each technical‘committee has representation frpm all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Nptional
Committees in that sense. While all reasonable efforts are made to ensure that the technical content pf IEC
Puplications is accurate, IEC cannot be held responsiblesfor the way in which they are used or fpr any
miginterpretation by any end user.

4) In lorder to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
trapsparently to the maximum extent possible in their.national and regional publications. Any divergence bgtween
any IEC Publication and the corresponding national er regional publication shall be clearly indicated in the|latter.

5) IEC itself does not provide any attestation ofrconformity. Independent certification bodies provide conformity
asgessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible fpr any
selvices carried out by independent certification bodies.

6) A

7) No| liability shall attach to IEC or'its)directors, employees, servants or agents including individual expents and
megmbers of its technical committees and IEC National Committees for any personal injury, property damjage or
other damage of any nature. whatsoever, whether direct or indirect, or for costs (including legal feef) and
expenses arising out of_the publication, use of, or reliance upon, this IEC Publication or any oth¢r IEC
Puplications.

llusers should ensure that they have the latest edition of this publication.

8) Attention is drawn to_the Normative references cited in this publication. Use of the referenced publicatlons is
indispensable for the correct application of this publication.

9) Attention is drawn-to the possibility that some of the elements of this IEC Publication may be the subject ofpatent
rights. IEC shall'not be held responsible for identifying any or all such patent rights.

International Standard |IEC 60747-14-11 has been prepared by subcommittee 47E: Digcrete
semig¢onductor devices, of IEC technical committee 47: Semiconductor devices.

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

CbhV Report on voting
47E/674/CDV 47E/709/RVC

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 in 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 document indicates
that it contains colours which are considered to be useful for the correct understanging
of its contents. Users should therefore print this document using a colour printer.
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SEMICONDUCTOR DEVICES -

Part 14-11: Semiconductor sensors — Test method of surface acoustic
wave-based integrated sensors for measuring ultraviolet,
illumination and temperature

1 Scope

This part of IEC 60747 defines the terms, definitions, configuration, and test metheds can be
used|to evaluate and determine the performance characteristics of surface acoustic ywave-
basedl semiconductor sensors integrated with ultraviolet, illuminance, and temperature sensors.
The measurement methods are for DC characteristics and RF characteristics, and the
measiurement method for RF characteristics includes a direct mode and differential amplifier
modg based on feedback oscillation. This document excludes devices 'dealt with by TC 49:
piezdelectric, dielectric and electrostatic devices and associated materials for frequency control,
selection and detection.

2 Normative references

The fpllowing documents are referred to in the text in suehia way that some or all of their cdntent
consfitutes requirements of this document. For datedreferences, only the edition cited applies.
For tindated references, the latest edition of<the referenced document (including any
amendments) applies.

IEC §3041-1, Piezoelectric sensors — Part 1 Generic specifications

IEC 43041-2, Piezoelectric sensors —Rart 2: Chemical and biochemical sensors

3 Terms and definitions
For the purpose of this doeument, the following terms and definitions apply.

ISO gnd IEC maintain terminological databases for use in standardization at the follpwing
addrgsses:

e |HC Electropedia: available at http://www.electropedia.org/

e |§0,0Online browsing platform: available at http://www.iso.org/obp

Units, Tefter symbols and terminology shall, wherever possible, be taken from IEC 630471-1 and
IEC 63041-2.

3.1 General terms

3.1.1

surface acoustic wave

SAW

acoustic wave, propagating along the surface of an elastic substrate, the amplitude of which
decays exponentially with substrate depth

Note 1 to entry: This entry was numbered 561-06-01 in IEC 60050-561:1991, Amendment 1:1995.

[SOURCE: IEC 60050-561:2014, 561-01-86]
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3.1.2

interdigital transducer

IDT

SAW transducer made of a comb-like conductive structure that is deposited on a piezoelectric
substrate and consists of interleaved metal electrodes (fingers) whose function is to transform
electrical energy into acoustic energy or vice versa by means of the piezoelectric effect

2g4

Bus bar

Finger
(electrode)

Aperture

-

_Aperture| |

IEC

Figure 1 — Configuration of an interdigital transducer (IDT)

Note 1) to entry: This entry was numbered 561-06-09 in IEC 60050-561:1991; Amendment 1:1995.

[SOURCE: IEC 60050-561:2014, 561-01-41]

3.2 | SAW-based integrated light sensors

3.2.1
ultrayviolet sensor element
ultraiolet sensor component with a sensitive layer that detects the frequency, phase, delay,
electrical charge, etc.

Note 1) to entry: Semiconductor materials, such as ZnO and ZnS, are used to detect ultraviolet.

3.2.2
visibje-light sensor element
visible-light sensor component with a sensitive layer that detects the frequency, phase, delay,
electrical charge, etc.

Note 1| to entry: Semiconductor materials, such as CdS and PbS, are used to detect visible light.

3.2.3
reference sensor element
device component used as a reference to minimize the effect of temperature variations in
experimental environments

3.2.4

integrated multi-light sensor

sensor that can detect ultraviolet and visible light together with an array of two different light
sensor components on one substrate

Note 1 to entry: Ultraviolet is electromagnetic radiation with wavelengths approximately in the 100 nm to 400 nm
range, and visible light is defined as electromagnetic radiation with wavelengths of 400 nm to 700 nm. The integrated
multi-light sensor measures both ultraviolet and visible light.

3.3 Characteristics parameters

3.31

centre frequency

arithmetic mean of two frequencies at which the attenuation relative to the minimum insertion
attenuation reaches a specified value
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to entry: This entry was numbered 561-07-01 in IEC 60050-561:1991, Amendment 2:1997.
RCE: IEC 60050-561:2014, 561-01-07]
e shift

in angle modulation by a discretely timed signal, the difference between the phases of two

signal elements of the modulated signal, assuming steady-state conditions

[SOURCE: IEC 60050-702:1992, 702-06-39]

3.3.3

frequency shift

intentional frequency change produced by modulation, or an unintentional change due

natur
[SOU

3.3.4

resonance frequency

frequ
[SOU

3.3.5
insern
resul
deliv
powe

Note 1

[SOU
modif
long€

4 [

4.1

The §
inten
devic|

al phenomenon

RCE: IEC 60050-702:1992, 702-01-12]

ency at which resonance exists

RCE: IEC 60050-801:1994, 801-24-06]

tion loss

ing from the insertion of a network into a.trahsmission system, the ratio of the
red to that part of the system following the network, before insertion of the network,
r delivered to that same part after inseftion of the network

to entry: The insertion loss is generallyexpressed in decibels.

RCE: IEC 60050-726:1982, 726*06-07, modified — The term and the definition have
ied so that only the conceptof insertion loss is defined (the concept of insertion gain
r included in the entry).]

evice structure-and characteristics

General

AW light sensor is used as a sensor in a smart device to measure the UV and visible
5ity, AISing semiconductor materials such as ZnO and CdS as the sensitive layer

4.2 to

4.4.

4.2

4.2.1

Device structure

SAW based resonator type light-sensor elements

to a

ower
o the

been
is no

light
The

e's’ structure and the characteristics of SAW light detection sensors are shown in derail in

Figure 2 shows the practical conceptual diagram for a surface acoustic wave (SAW) based
resonator type integrated light-sensor element. In the figure, mounting stages and enclosures
are omitted.
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Sensitive layer Sensitive layer

' :

A Y e e 5 et s

A A Reflector IDT Reflector
Piezoelectric substrate
Reflector IDT Reflector IEC e
a) Top view of one-port resonator type b) Side view (cross-section of the A-A' line) of
one-port resonator type
Sensmle layer Sensitive layer
El il EmifiRififiNmifilN
A LA Reflector IDT Reflector]
Piezoelectric substrate
Reflector IDT Reflector IEC =
c) Top view of two-port resonator type d) Side view (cross-section of the A-A' ling) of
two-port resonator type
Figure 2 — Conceptual diagram for SAW-based résonator type light-sensor elements
4.2.2 SAW-based delay line type light sensonelements
Figurp 3 shows the practical conceptual diagram for a surface acoustic wave (SAW) hased
delay| line type integrated light sensor element. In the figure, mounting stages and enclogures
are omitted.
Sensitive layer
Sensitive layer ‘
| |
 { IDT IDT
A UuL auu A
Piezoelectric substrate
IDT IDT EC IEC
a) Top.view of two-port delay line type b) Side view (cross-section of the A-A' line)) of

two-port delay line type

Figure 3 — Conceptual diagram for SAW-based delay line type light sensor elements

4.3

Characteristics of integrated UV and visible-light sensors

Figure 4 shows a conceptual diagram of the integrated multi-light sensor elements. The sensors
are composed of three different layers, and each layer is a sensitive layer for a UV sensor, a
visible-light sensor, and a reference sensor element, which serves to compensate changes in
temperature of the SAW sensor.
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Sensitive layer Sensitive layer
for UV sensor / for UV sensor

I
252

Al
i
aniAnfi

\

IDT / \ IDT IDT Reflector

Sengitive layer for Reference sensor Sensitive layer for Reference sensor
visible light sensor (temperature sensor) jz¢c visible light sensor (temperature sensor)| ¢
a) |Integrated multi UV and visible light sensors b) Integrated multi UV and visible light sensjors

4.4
4.41

The
ultray
the s
photd

4.4.2

A sel
only
used
chars

5 Test(conditions

for delay line type for two-port resonator type

Figure 4 — Conceptual diagram for integrated multi UV and visible-light sensors

Key points of integrated UV and visible-light sensors

UV sensitive layer

sensitive layers.

Visible-light sensitive layer

for sensitive\ layer for visible light. See Annex A and Annex B for the principles
cteristics of ‘photosensitive layers.

5.1

Meas

Test environmental conditions

urements shall be carried out under standard environmental conditions:

a) Temperature: 25°C + 3 °C
b) Relative humidity: 25 % RH to 85 % RH
c) Atmospheric pressure: 86 kPa to 106 kPa

JV sensitive layer employed in an-lultraviolet sensor element should be selectdd for
iolet light. Some semiconductor materials such as ZnO, ZnS, GaN, SiC can be used for
bnsitive layer for UV. See Annex A and Annex B for the principles and characterist|cs of

sitive layer for visible light employed in light sensor applications should be selected for
visible light. Seme’ semiconductor materials such as CdS, CdSe, PbS and PbO can be

and

When using different environmental conditions, they shall be noted in the measurement report.


https://iecnorm.com/api/?name=211d76078bb7a5640a88c8baebbd1008

IEC 60747-14-11:2021 © IEC 2021 -11-

5.2

Darkroom condition

The illuminance from the darkroom illumination through the test environment shall be less than
1 lux and the UV intensity shall be less than 0,01 yW/cm?2. If this condition is not satisfied, then

it sha

5.3
5.3.1

Il be noted in the report.

Setup conditions

Starting conditions of test

Measurements shall be started after the UV/visible-light lamps achieve stability. When lamps

are t
illumi
stabil

5.3.2
The f]
a) T

rned on, fhny take time to go from the standard darkroom condition to _max

nhation; therefore, warm-up time has to be allowed for the device to reach an illumir
ity level of less than £5 % over the entire measurement period.

Conditions of UV and visible light measurement equipment
pllowing equipment have been introduced for reliable experimentation;
nree types of UV lamps are used. The UVA at 315 nm to 400 nm, UVB.at 280 nm to 31

and UVC at 100 nm to 280 nm lamps are used.

by T

c) T
I

d) T
e) T

ne green LED (495 nm to 570 nm) in the visible light area is used.

ne lamp height controller controls the intensity of the WV/visible light by adjustin
mp's height.

he UV meter measures the UV intensity.

ne visible light meter measures the visible light's)intensity.

6 Test methods

6.1

Basid
Figur|
charg
the d

General

ally, general test procedures for.semiconductor light sensors are performed as sho
e 5. After the semiconductor Jight sensor has been mounted on a test chamber, th
cterization and RF characterization are measured. The test of RF characteristic con
rect mode (option A) or _differential amplifier mode (option B).

mum
ation

5nm

g the

wn in
e DC
ducts
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6.2

Figure 6 and Figure 7 show the test setup-for measuring the current-voltage
chargcteristics of the light sensor element and ‘eXample |-V characteristics, respectively.
chargcteristics of the light sensor element are~fmeasured in the following sequence.

a)

b)

d)

P
(0]
t

P

ceéntre.

S
T
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Start
A 4
DC
characterization
Option A Option B
. P RF 5 Differential
Direct mode <€ - > o
characterization amplifier mode
A 4
> End <

IEC
Figure 5 — Measurement procedure for the semiconductor light sensor

Test methods of DC-characteristics for the light sensor element

repare a DC measurement instrumentito obtain transient responses under UV/ visiblg
/off light conditions and to get the current-voltage (I-V) characteristics as a functi
e UV intensity and visible lighi

ace a semiconductor light sensor in a dark room chamber, and fix the sensor at the |

bt the voltage range, of the circuit.

irn on the UV/visible'light lamp and measure electric current by voltage.
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Darkroom chamber

UV/visible
light lamp

IEC

Key
DUT |device under test (SAW-based integrated light sensors)
UV/visfible light lamp light source of UV/visible light

Voltage meter (V) to detect a voltage across the external load

Ampere meter (A) to detect a current through the external load

NOTE| The voltage source type is direct current (DC). Use a DC current meter.

Figure 6 — Test setup to measure.the 1-V characteristics
of semiconductor light sensor

75
UV intensity (WW/cm?)
50 |-
@ |
—— -.-F-
25}
| T )
g 0 "
5 e
(&) ______—'—"_ - o~
— - e -~
2 S
_50 -
-|+-75 1 n =
-1 -0,5 0 0,5 1
* DC bias (V)
IEC

NOTE When the UV intensity is 0, the slope of the I-V curve is 0. (a) has a larger slope than (b) because (a) has a
larger intensity than (b).

Figure 7 — Example of I-V characteristics of a UV sensor
element as a function of UV intensity
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6.3 Test methods of RF characteristics for integrated light sensors
6.3.1 Direct mode

This method measures the frequency and phase shift or insertion loss (IL) variation in integrated
light sensors. Figure 8 shows the test set up for measuring the frequency, phase or IL variation
in the light-sensor element without UV and visible light.

a) Measure the frequency, phase, or IL variation of the light sensor's element according to the
UV and visible light intensity, by preparing measurement equipment as described in 5.3.

b) Locate the light sensor in a dark room chamber and fix the sensor under the light's centre.

C) Cpnnect a coaxial cable from the network analyser to the sensor.
d) Measure the intensity of light according to height change with the UV/visible-light.meter.
e) Meanwhile, measure the centre frequency, phase or IL variation corresponding te’the light's
intensity.
Lamp height
PC I | controller
T =
Darkroom chamber
WV isible
light lamp
1
1
Network
analyzer ] T _[ DuT
Coaxial
cable IEC
Key
DUT: device under test SAW based integrated light sensors
Lamp height controller to control light lamp's height
PC to pelect input parameters:and gets data
UV/visjible light lamp light source of UV/visible light
Netwofk analyser detect frequency, phase or IL variation of integrated light sensors
Figure 8 «Test setup to measure the frequency shift of semiconductor light sengor
6.3.2 Differential amplifier mode

In the differential amplifier mode method, the light sensor operates like an excited oscillator by
making an oscillation loop. The light device's input and output transducers in the detecting part
were connected by an oscillator circuit that consists of an amplifier with a low gain, a phase
shifter, a mixer, and an LC filter.

The detecting part's output signal was mixed to reduce the thermal effect and provide low-
frequency signals in the kHz range. The amplitude and velocity of the wave are changed (AV,),
and this change induces a shift in the oscillation frequency (A f.) for the sensing oscillator.
Measuring the frequency difference between the sensing and reference oscillators, the input
rotation can be evaluated without temperature effects. The nature of the piezoelectric substrate
means that the temperature can change the oscillation frequency. To eliminate this effect
(A ftemp), @ dual-delay line structure was applied. Because temperature affects both the

reference and the sensing element, the following method can be applied:
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A: Output frequency of the sensing part
(fundamental frequencies f, (sensing part) + A f, + Aftemp)

B: Output frequency of the reference part
(fundamental frequencies f; (reference part) + Aftemp)

A=B= o+ Afe *Ahemp) = 1+ Aremp)=f2 = /1 + Afe = Afe (Ideally /5 = /1 = 0)

Oscillation circuit

Phase

Jiignt

shifter Amplifie

v/

Oscillation circuit

Phase |_1amplifie o
shifter P
Integrated multi
light sensor Sensitive layer for
/ /UV sensor
/

i
2

\

IDT IDT
Sensitive layer for Reference sensor
visible light sensor, (temperature sensor)

Oscillation circuit

Phase

fref

Mixer

Mixer

Q Q Jov et -

Jiaht *
Q=] visible light

shifter Amplifie

Vv

5 Tem|
p = |
Temperature

IEC

a) Differential amplifier mode method for delay line type

(1)
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Oscillation circuit

Jignt

Phase
shifter

[Amplifie

v

Oscillation circuit

Phase
shifter

—Amplifig;

Y

A

Jov *Jret
Integrated multi Sensitive layer for ®__m
light sensor UV sensor -

Jiah?\r
R

IDT \ Reflector

Sensitive layer for Reference sensor
visible light sensor (temperature sensor)

Oscillation circuit

Phase fref fTemp
shifter : emperatura

IEC

b) Differential amplifier mode method for two-port resonator type
Figure 9 ~:Differential amplifier mode method
Figure 9 shows the differential amplifier mode method. The measurement methods qf the

differential mode are explained in the following sequence. Figure 10 shows the measurgment
resulis for UV and visible-light sensors using the differential amplifier mode method.

a) Place a semieonductor light-sensor module in a dark room chamber and fix the sengor at
the light's centre.

b) Cpnnect-the oscilloscope to the measuring terminal in the sensor module and apply a5 V

infput \voltage to the sensor module through a power supply.
C)Cll . idal signal with the f Lf . i/ Lo

d) Measure the amount of light according to the height change with the visible-light meter in
the dark room chamber.

e) Meanwhile, measure the mixed shift in the oscillation frequency (A f.) that corresponds to
the amount of light.

f) Repeat steps d) and e) to measure the resonance frequency, which changes according to
the light intensity from 0 mW/cm?2 to 1 mW/cm?2 or 0 lux to 40 000 lux, observing a change
as a function of UV or visible light intensity.

g) Determine the sensitivity of the sensor from the graph's frequency shift.
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Figure 10 — Measurement results of UV and visible-light sensors
using differential amplifier mode
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Annex A
(informative)

Ultraviolet and visible light characteristics of the sensitive layer

The sensitive layer such as ZnO, ZnO nano particle (NP), ZnS, CdSe, or CdS-based layers is
exposed to UV radiation and illumination, to generate electron hole pairs in the layer. For ease
of understanding, it is assumed that ZnO (or ZnO NP) was used as the sensitive layer for UV
detection. Figure A.1 and Figure A.2 show the sensitive layer's operating principle. In the
absence of UV light, oxygen molecules are absorbed on the surface of the ZnO based layer.
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Figure A.1 — Operation principle of the ZnO sensitive layer for UV sensing
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