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the polarization properties by thermally stimulated depolarization curr

1)

2)

3)

4)

5)

6)

7)

8)

9)

The maindask of IEC technical committees is to prepare International Standards. In except
circumstances, a technical committee may propose the publication of a Technical Specific

ent

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

rising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interndtional

cd-operation on all questions concerning standardization in the electrical and electronicields. To this en|
infaddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as AEC Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee intergésted in the subject dea
may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

THe formal decisions or agreements of IEC on technical matters expres§,/as nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical committee has representation frdg
inferested IEC National Committees.

IEIC Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are~made to ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible{for the way in which they are used or fo
misinterpretation by any end user.

In] order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in theirhational and regional publications. Any divergence be
anly IEC Publication and the corresponding national'or regional publication shall be clearly indicated in the

IE[C itself does not provide any attestation ofconformity. Independent certification bodies provide conf
agsessment services and, in some areas,\access to IEC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

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

d and
ports,
Their
t with
hising
bn for
bns.

tional
m all

tional
f IEC
r any

htions
ween
atter.

brmity
r any

members of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
expenses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Attention is drawn te_the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the correct application of this publication.

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

liability shall attach to IEC ornits directors, employees, servants or agents including individual experjs and

ge or
) and
r IEC

bns is

atent

onal

ation

when

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62607-8-2, which is a Technical Specification, has been prepared by IEC technical
committee 113: Nanotechnology standardization for electrical and electronic products and
systems.


https://iecnorm.com/api/?name=72e1ea79ae056c290caec4fd3fcce2fc

The

-4 - IEC TS 62607-8-2:2021 © |IEC

text of this Technical Specification is based on the following documents:
Draft TS Report on voting
113/539/DTS 113/562/RVDTS

2021

Full information on the voting for the approval of this Technical Specification can be found in

ther

This

A list

eport on voting indicated in the above table.

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

of all parts in the IEC 62607 series, published under the general titte Nanomanufacturing —

Key tontrol characteristics, can be found on the IEC website.
The fommittee has decided that the contents of this document will remain unchanged unt|l the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the-data relatgd to
the gpecific document. At this date, the document will be
e reconfirmed,
e Withdrawn,
e replaced by a revised edition, or
e amended.
IMPAORTANT - The 'colour inside' logo on the cover page of this publication indicates th

co
co

tents. Users should therefore print this-document using a colour printer.

tains colours which are considered to be“useful for the correct understanding of its

at it
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INTRODUCTION

Thermally stimulated depolarization current (TSDC) measurement has been a widely used
method for acquiring information about electric polarization phenomena of various materials
such as dielectrics, ferroelectrics, semiconductors, ceramics, plastics, and other organic
materials for the past several decades. Recently, TSDC measurement became recognized as
a powerful tool to evaluate polarization and depolarization, relaxation time, charge-storage and
activation energy in advanced electronic materials including nano-enabled materials and
devices. Accordingly, a standardized protocol for TSDC measurement will be useful to add
validity to the experimental data for the purposes of productization of nano-enabled materials
and devices. The reference sample for the reproducible TSDC measurement is also important.

This
prop

document offers a measurement method to be developed for determining polariz
erties of metal-oxide interfacial devices using TSDC.

ation
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NANOMANUFACTURING -
KEY CONTROL CHARACTERISTICS -

Part 8-2: Nano-enabled metal-oxide interfacial devices — Test method for
the polarization properties by thermally stimulated depolarization current

1 anpp

There are two types of thermally stimulated current (TSC) measurement methods, classifigd by
the origin of the current. One is generated by the detrapping of charges. The other one is
gendrated by depolarization. The latter is frequently called thermally stimulated depolarization
currgnt (TSDC). This part of IEC 62607 focuses on the latter method, and specified the
measgurement procedures to be developed for determining polarization properties of metal-gxide
interfacial devices.

This|document includes:

— oputlines of the experimental procedures used to measure TSDC,

- ethods of interpretation of results and discussion of data*analysis, and
cpse studies.

2 ormative references

The following documents are referred to in the.text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited applies.
For [undated references, the latest. gdition of the referenced document (including| any
amendments) applies.

ISO/I'S 80004-1, Nanotechnologies — Vocabulary — Part 1: Core terms

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes-of this document, the terms and definitions given in ISO/TS 80004-1 and the
folloyving apply.

ISO pnd’ JEC maintain terminological databases for use in standardization at the following
addresses:

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

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

3.1.1

device under test

DUT

sample on which to evaluate a specific physical property such as electrical resistance or /-V
behaviour

[SOURCE: IEC 62607-2-1]


http://www.electropedia.org/
http://www.iso.org/obp
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3.1.2

thermally stimulated current

TSC

current flowing through an external circuit connecting to DUT, originated from the electricity
trapped at low temperature and released due to raising temperature

3.1.3

thermally stimulated depolarization current

TSDC

current flowing through an external circuit connecting to DUT, originated from the release of
stored dielectric polarization due to raising temperature

3.2 | Abbreviated terms

DUT device under test

TSC thermally stimulated current

TSDLC thermally stimulated depolarization current

SrTiQ,; strontium titanium trioxide, strontium titanate

4 Measurement of TSDC

4.1 General
4.1.1 Measurement system

An agcurate and reproducible test protocol of TSDC¢is standardized. Examples of an acclrate
and feproducible standardized test protocol of I.SDC are shown in Figure 1. In the diagrems,
each sample is attached to the sample holder with (a) upper and lower electrodes or (b) coptact
probes. The photos of these sample holdersére shown in Figure 2 a) and b), respectively
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a) Sample is attached to the sample holder with upper and Iow%léctrodes

& ammeter
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OFF OFIi
= — Evacuation
— He filling
Sample and . é&lple chamber
holder w&\ mperature controller ec
O
b) Sample isé)@ached to the sample holder with contact probes
N
Figure 1 — E@m’ples of the experimental schematic diagram of TSDC

IEC IEC

a) upper and lower electrodes b) contact probes

Figure 2 — Photos of sample holders
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4.1.2 TSDC measurement sequence

Examples of temperature control sequence for TSDC measurements are shown in Figure 3 a)
In the case that the polarization is produced by the voltage, the sign of the current depends on
that of the polarization voltage. On the other hand, the sign of the collecting voltage is
considered not to affect the polarity of the polarization current. Therefore, the current of the
depolarization process is obtained by subtracting the detrapped current from the observed
current as shown in Figure 3 b). When the collecting voltage is applied in Cycles 2 and 4, the
background current of the system can be obtained. If difference is evidenced between the
currents of Cycles 2 and 4, it is recommended to check the status of the TSDC measurement
setup to determine the origin of the background current. Furthermore, because the polarity of

the svranlacteio ~liprant AananAde An that nF tha tamanaratiien olana tha Affa ereRee hat /een
pyTrocteCtC eufrrent S CPCToo—Or—trat T rC—tCT |||.;\,|uu.uv STOP Tt c— et etV

currgnts at Cycles 3 and 4 is assumed to be the pyroelectric current; in case that the pyroelgctric
currgnt is evidenced, the contribution should be subtracted from the measured current [1]

A

Voltage

Polarization Polarization

Cvcle 1 Collecting voltage >-0 at Cycle 1
ycle Collecting voltage <\Q'at Cycle 2

0 , | |
L. |

Cycle 2
Time
IEC
Detrppping process: icycle 1= icycle ,=2x idetrap
Depéolarization process: lcycle 4= Cycle ,=0
The [depolarization current does not depend on.the sign of the collecting voltage.
a)
=y |
2 Polarization
o
[0]
Q.
IS
@
Cycle 1 Cycle 3
Cycle 2 Cycle 4
Time
IEC
b)

Figure 3 — Visualization of TSDC measurement sequence
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4.1.3 Expression of temperature dependency of TSDC value

2021

The temperature dependency of TSDC value shall be expressed by plotting TSDC (A) on the
ordinate against temperature on the abscissa [2].

4.2

Sample preparation

TSDC signal is very sensitive to physical and chemical conditions at the sample/electrode
interface. The surface preparation before the electrode formation process should be mentioned
in the standardization protocol. Furthermore, parameters of the polarization process — such as
a polarization temperature, polarization (or applied) voltage and/or a plasma exposure — should

be d

4.3

° ° o
()N ¢» NN ¢))

o
n

°
[0))]

(N QM

w_(n

Escribedrdetait:

Experimental procedures
tep 1: Pre-measurement treatment.
tep 2: Polarization.

tep 3: Cooling — Cool the sample to the starting temperature.

pndition.
tep 6: Cooling — Cool the sample again to the starting temperature.
tep 7: Measurement — Repeat Step 4.

tep 8: Post-measurement treatment — Set backto.the room temperature before takin
ample out from the sample chamber.

NOTH 1 For Step 1, as an example, baking or annealing' in a controlled environment can be done to va

absor|

NOTE

is po
prepal

NOTE

depol
depol

bed water on the sample surface.

arized before TSDC measurement, e.ga'by corona charging, the conditions are reported in the s
ration section.

brization process does not dépend on the sign of the collecting voltage.

Table 1 = TSDC measurement sequence steps and parameters

tep 4: Measurement — Measure TSDC while heating up to the targeted end temperatire.

tep 5: Hold time — Keep the sample at the target temperdature to stabilize the sample

y the

borize

2 For Step 2, temperature/voltage/time parameters applied in the process are reported. In the case that DUT

hmple

3 If necessary to determine whether the generated current is derived from detrapping of chargeq or a
brization process, the polarity.ofithe current and voltage is changed in Step 4. The current generated by the

Step Parameter 1 Parameter 2 Parameter 3 Parameten 4
1 ponditioning Temperature Voltage Time
pre-measureément treatment)
2 | Polarizatioh Polarization Polarization Hold time
temperature voltage
3 D ogling Target Cosling-rate Moltaae. Hold time.
N temperature g N
4 |Measurement End temperature |Heating rate Collecting voltage
5 |Hold time Hold time
. Target . .
6 |Cooling Cooling rate Hold time
temperature
7 |Measurement End temperature |Heating rate Collecting voltage
8 |Post-measurement treatment Target Heating rate Hold time
temperature
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5 Reporting data

The following data at a minimum shall be reported:

e measurement parameters shown in Table 1;
e sample description;
e TSDC measurement configuration;

e TSDC signal as a function of temperature.

6 Ppata analysis /interpretation of results

6.1 General

In order to evaluate polarization properties by using TSDC spectra, the” “temperature
depgndence is analysed. The possible methods are shown in 6.2 and 6.3. The'typical example
of T$DC measurement and the analyses are shown in Annex A. The detailed descriptions of
the methods are shown in Annex B.

6.2 | Determination of the polarization charge

The [polarization charge is evaluated by the integration of/the TSDC current versug the
temperature.

6.3 Peak method

The pctivation energy of the polarization state is e€stimated by the temperature dependenge of
the TSDC peak position.
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Annex A
(informative)

Case study — TSDC measurement of SrTiO,

General

Basic TSDC measurement sequences are shown in Table A.1. The measurement sequence

des

cribed below is summarized in steps.

tep 1: Pre-measurement treatment

suitable pre-measurement treatment varies on the material being measured;-and
change depending on the situation or environment. To obtain reliable TSDC)'spectra
reproducible results, the polarization process (shown in sample preparation) ‘and the
easurement treatment conditions should be identical in a series of measurements.

as used for the TSDC measurements. Two Au contact probes weréttouched on the sur
fter installation of the sample, baking was done to vaporize moisture on the sample su

tep 2: Polarization
he sample is polarized by applying a bias voltage at‘high temperature. In this Sn

temperature (373 K), followed by holding for 10 niin under a polarization voltage (5
fore starting Step 3.

tep 3: Cooling

et target temperature (Parameter 1) and gooling rate (Parameter 2), then cool the sa
to the target temperature.

tep 4: Measurement (first run)

SDC measurement is done at thetheating-up cycle. Firstly, turn the voltage-source s
nd the ammeter relays on. Then, heat up to the end temperature (Parameter 1). T4
dummy response step in the-first minute since a quick current response occurred right
tiirning on the ammeter relay due to an induction response.

tep 5: Hold time

hen heating up to\the targeted end temperature, hold it for 10 min to stabilize the sa
cpndition.

tep 6: Cooling
ool the Sample again to the targeted starting temperature.

tep (7:yMeasurement (second run)

can
and
pre-

the case of SrTiO5 measurement, the bare surface of the single-crystal SrTiO5 substrate

face.
face.

TiO,

easurement, the sample was set in the sample chamber and heated up to the target

0 V)

mple

witch
ke a
after

mple

epeat Step 4 to ensure that the depolarization wholly occurred in the first run. If DU

T is

fully depolarized/detrapped and no pyroelectric effect is confirmed, the background cu
can be estimated in the second run, as shown in Figure A.1.

rrent
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Table A.1 — TSDC measurement sequence steps and parameters / case study

Step Parameter 1 Parameter 2 Parameter 3 Parameter 4
1 Conditioning Temperature Voltage Time
(pre-measurement treatment) - - -
Polarization Heating rate Polarization Hold time

2 |Polarization temperature 0,1 K/s to 0,3 K/s voltage 10 min

373 K 50V

Target Cooling rate Voltage Hold time
3 | Cooling temperature 20 K/min 50 V 10 min

90 K

. End temperature Heating rate

4 |Measurement (first run) 373 K 0.1 Kis t0 0,3 K/s
5 |Hold time Hold time

10 min

Target Cooling rate Hold time
6 |Cooling temperature 20 K/min 10 min

90 K

End temperature Heating rate

7 |Measurement (second run) 373 K 0.1 K/s t0 0,3 K/s

Target Heating rate Hold time
8 |Post-measurement treatment temperature - -

< A
Q
2 35 10712 T , , T ,
F s | ‘
3 — R\ G- e -—ii i
2r — 0,1 K/s'fifst Heating N
— 0,2 K/s)first heating
15F — 0,3 K/s first hgating
- 0,1 K/s second heating
1 b bed ©-0,2 K/s second heating -
----- : 0,3 K/s second heating
O: { R . I
0 e -
o0 30 70 210 250 290 370
Temperature (K)

IEC

TSDCs of the first and the second heating periods in the measurement sequence are compared by multiple heating
rates. The peak currents above 300 K in the second run, which are considered to be the background current, become
much weaker than in the first run. The observed peak positions approximately agree with the results in the previous

report [3].

Figure A.1 — TSDC data comparison by heating rate
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A.2 Estimating activation energy of polarization state by peak method

When the temperature of TSDC peak is determined, the activation energy of the polarization
state can be estimated by the following equations [4]:

t(T)= rOexp(ki—e}] (A1)

where 7 is the relaxation time which governs the relaxation process, 74 is a preexponential factor,
E, is[the activation energy and kg is Boltzmann’s constant. 7, is expressed by

2

T E

7 _kgTm exp[— a ] (A.2)
,BEa kBTm

where g is the heating rate and T, is the temperature at the current peak. Equation (A.2) can
be rgarranged as

2
|n[i}:i—|n( i ] (A.3)
B kgTm 195,

Thergfore, E, can be determined from the Arrhenius plot of In(Tm2 /ﬁ) versus 1/T, .

e Jtep 1: Deciding peak positions

Tlhe second derivative of TSDC curvg'is used to elucidate the peak temperature, as shown
Figure A.2. Derived derivatives-of TSDCs with multiple heating rates can be plotted| with
the original TSDCs and reading’the peaks of the derivatives helps to find specific peak
sitions of the TSDC curves. Thus, the peak temperature T, can be decided for pach

SDC.

tep 2: Tm2 plot

he relation between In(Tmz/ﬁ) and 1/T,, is plotted for each observed peak. By linear

regression_ofithe plot with the best coefficient of determination (R? value), the slope is
btained/as shown in Figure A.3.

tep 3: Calculation

ultiplying the slope by Boltzmann’s constant and dividing by the electron charge congtant,
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Figure A.2 — Determination of TSDC peak positions’using the second derivative cun
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A
[ ]
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Figure A.3 — Arrhenius plot of In(Tmzl/f) versus 1/T,

Table A.2 — Activation energies in the first heating for y = In(Tmzlﬁ’)

Peak T2 T
R? value 0,864 0,936
Activation energy (eV) 0,54 0,73
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