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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation 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-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National:Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts-arefimade to ensure that the technical content of IEC
Publications is accurate, IEC cannot“be ‘held ‘responsible™for thé way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity| IEC’Natiohall Committees undertake to apply IEC Publications
transparently to the;maximum  extent.possible.in,their/ nationals-and segional jpublications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
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
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62951-2 has been prepared by IEC technical committee 47:
Semiconductor devices.

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

FDIS Report on voting
47/2541/FDIS 47/2564/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.
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A list of all parts in the IEC 62951 series, published under the general title Semiconductor
devices — Flexible and stretchable 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 "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 indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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SEMICONDUCTOR DEVICES -
FLEXIBLE AND STRETCHABLE SEMICONDUCTOR DEVICES -

Part 2: Evaluation method for electron mobility, sub-threshold swing, and
threshold voltage of flexible devices

1 Scope

This part of IEC 62951 specifies terms, definitions, symbols, configurations and evaluation
methods that can be used to evaluate and determine the performance characteristics of
flexible thin-film transistor (TFT) devices. This document specifies test methods and
characteristic parameters for accurately evaluating the performance and reliability in practical
use of flexible TFT devices under the bending status.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, thelfollowing terms and'definitions apply.

ISO and IEC maintain terminological databases>foncuse 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

flexible thin-film transistor

flexible TFT

thin-film transistor fabricated on mechanically flexible substrates such as polymers and metal
foils

Note 1 to entry: This note applies to the French language only.

3.2

mobility

<of an electron> quantity equal to the quotient of the modulus of the mean velocity of a
charge carrier (electron) in the direction of an electric field by the modulus of the field strength

[SOURCE: IEC 60050-521:2002, 521-02-58, modified — "electron" has been added.]

3.3

sub-threshold swing

S

parameter for quantifying how sharply the transistor is turned off by the gate voltage, defined
by the following formula

s =|n(10)k—T(1+ S

q ox

)
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where C4 and C,, represent depletion layer capacitance and gate-oxide capacitance,
respectively

3.4
threshold voltage
gate-source voltage at which the magnitude of the drain current reaches a specified low value

[SOURCE: IEC 60050-521:2002, 521-07-24]

3.5
gate voltage

Vs
voltage between gate and source

3.6
drain voltage

Vbs
voltage between drain and source

3.7
drain current

Ips
current between drain and source

3.8
transconductance

E&m
ratio of the increment in the drain current to a corresponding incremental change of the
gate-source voltage with the drain-source'voltage-held constant

[SOURCE: IEC 60050-521:2002, 521-07-25]

4 Test method

4.1 General

To investigate the reliability of the flexible TFTs, bending tests are performed as follows
(see Figure 1):
a) prior to any bending, the electrical characteristics of the TFTs are measured;

b) under the mechanical bending state, the electrical characteristics of the TFTs are
re-measured as shown in Figure 3.
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IEC

Figure 1 — Procedure for measurement of flexible thin-film transistor

4.2 Test of electrical characteristics before bending

The stability test of a flexible TFT is carried out using four kinds of biased evaluation. The
negative-bias-stress (NBS) test is carried out with a V'gg of =20 V at a fixed Vpg of 10 V under
dark and the substrate temperature is maintained at 20 °C and 60 °C. The
negative-bias-illumination-stress (NBIS) test is carried out with a Vg5 of =20 V at a fixed Vpg
of 10 V under illumination with a white light-emitting diode of 300 cd/m?2 brightness and the
substrate temperature is maintained at 20 °C and 60 °C. The positive-bias-stress (PBS) test is
carried out with a Vgg of +20 V at a fixed Vpg of 0,1 V under dark and the substrate
temperature is maintained at 20 °C and 60 °C. The positive-bias-illumination-stress (PBIS)
test is carried out with a Vg5 of +20 V at a fixed Vpg of 0,1 V under illumination with a white
light-emitting diode of 300 cd/m2 brightness and the substrate temperature is maintained at
20°C and 60 °C.

In the test procedure, the drain current is measured at room temperature by sweeping the
gate voltage from -30 V to 30 V, at a fixed drain voltage of 0,1 V. Afterwards, the device
stability tests are performed for 3 h. The field-effect mobility shall be calculated using
Formula (1). The mobility is extracted from the linear-regime transconductance g, at the low
drain voltage of 0,1 V as follows:

- Sm (1)
)
E T Coxl I’IyL)VDs

where, L and W are the channel length and width, respectively. The sub-threshold swing shall
be obtained using the slope of transfer curves in the sub-threshold regime by application of
Formula (2).
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odloglpe ._
( 903)1

Threshold voltage shall also be determined by plotting (/pg)!/2 versus Vgg and extrapolating
the curve to zero drain current. The on/off ratio is estimated from the transfer curves by
calculating the ratio between the maximal on-current (at Vgg = 30 V) and the minimal
off-current. Finally the gate leakage current shall be obtained measuring the gate-to-source
current at 30 V of the gate voltage applied. A schematic circuit diagram is shown in Figure 2.

Gate [Constant bias]

1

Source [0 V] Drain [0 V or constant bias]
Scan

-

pn

Data

IEC

Figure 2 — Schematic circuit diagram of the test

4.3 Test of electrical characteristics under bending

To characterize the effects of mechanical stress on flexible TFTs, strain is applied on the
TFTs by bending the device convexly (i.e., inducing a tensile strain on the active devices) or
concavely (i.e., inducing a compressive strain on the active devices) with varied radius of
curvature R as shown in Figure 3. The bending direction is parallel or perpendicular to the
drain-to-source current path. The TFTs are first bent to the maximum R for 1 min and then
released to the flat state and are measured. This test cycle is repeated at decreasing R down
to the minimum R. After each mechanical bending, the TFT on-current, the off-current and the
gate leakage current are monitored.
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ﬁﬁ/

TFT film

L IEC

Figure 3 — Configuration for the TFT bending test

In the bended state, all bending radii (R) are converted to percent strain (&) using Formula (3)

g drtds (3)
2%xR

Where, dr and dg are the corresponding thicknesses of the TFT stack and the flexible
substrate. Simple mechanical fatigue testing is performed by putting the flexible TFTs through
repeated bending (i.e.,! at/constant\R) and\flattening 'up/'to/50:'000/ times. The substrate
temperature is maintained at 20.°C and 60°C. The TFTs are periodically measured while flat
without removal from the bendingsapparatus.

The four kinds of test shall proceed under the,bending state. To obtain the results of negative-
bias-stress under the bending state (i.e., ai different R),-the NBS stability test is carried out
with a Vggq of -20 V at a fixed Kpg,0f 10 V. under, dark, and the substrate temperature is
maintained at 20 °C and 60 °C. The test of negative-bias-illumination-stress under the bending
state is carried out with a Vgg of —20 V at a fixed Vg of 10 V under illumination with a white
light-emitting diode of 300 cd/m2 brightness, and the substrate temperature is maintained at
20°C and 60 °C. Under the mechanical bending state, the positive-bias-stress stability test is
carried out with a Vgg of +20 V at a fixed Vpg of 0,1V under dark and the substrate
temperature is maintained at 20 °C and 60 °C. The value of positive-bias-illumination-stress
under the bending state stability test is also carried out with a V5q of +20 V at a fixed Vg of
0,1 V under illumination with a white light-emitting diode of 300 cd/m2 brightness, and the
substrate temperature is maintained at 20 °C and 60 °C.

4.4 Testreport

The test report shall include the following elements:
a) reference to IEC 62951-2;
b) the layer materials including gate, insulator, active, source and drain of the tested device;
c) test conditions:
e illumination, in test case of NBIS and PBIS;
e gate and drain voltage;
e drain current;
o time under bending state;
¢ bending radius of the tested device;
e ambient temperature.
d) test results:

e threshold voltage;

e sub-threshold swing.
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