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TEST METHODS FOR THE CHARACTERIZATION OF ORGANIC
TRANSISTOR-BASED RING OSCILLATORS

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
IEJ National Committee interested in the subject dealt with may participate in this preparatory work.
Intgrnational, governmental and non-governmental organizations liaising with the IEC also particCipate in
thiq preparation.

IEHE Standards documents are developed within IEEE Societies and Standards Coordinating Committees
of the IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards thrpugh a
consensus development process, which brings together volunteers representing xaried viewpoirlts and
intdrests to achieve the final product. Volunteers are not necessarily members ofEEE and serve without
conmpensation. While IEEE administers the process and establishes rules t@)promote fairness|in the
consensus development process, IEEE does not independently evaluate, test;yor verify the accufacy of
any| of the information contained in its standards. Use of IEEE Standards @ocuments is wholly voluntary.
IEHE documents are made available for use subject to important notices” and legal disclaimelfs (see
httd://standards.ieee.org/IPR/disclaimers.html for more information).

IE] collaborates closely with IEEE in accordance with conditions. determined by agreement betwgen the
twol organizations.

The formal decisions of IEC on technical matters express,“as nearly as possible, an interrjational
corlsensus of opinion on the relevant subjects since each.technical committee has representation from all
intgrested IEC National Committees. The formal decisionsyof IEEE on technical matters, once conpensus
within IEEE Societies and Standards Coordinating Committees has been reached, is determined by a
balginced ballot of materially interested parties who.indicate interest in reviewing the proposed standard.
Finpl approval of the IEEE standards document is_given by the IEEE Standards Association (IEEE-SA)
Standards Board.

IEQ/IEEE Publications have the form of recommendations for international use and are accepted py IEC
Nafional Committees/IEEE Societies in that“sense. While all reasonable efforts are made to ensyre that
the|technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible|for the
way in which they are used or for anymisinterpretation by any end user.

In qrder to promote international-uniformity, IEC National Committees undertake to apply IEC Publigations
(inqluding IEC/IEEE Publications) transparently to the maximum extent possible in their national and
regjonal publications. Any divergence between any IEC/IEEE Publication and the corresponding rfational
or flegional publication shall.be clearly indicated in the latter.

IEQ and IEEE do net provide any attestation of conformity. Independent certification bodies provide
corfformity assessment/services and, in some areas, access to IEC marks of conformity. IEC ang IEEE
are|not responsiblefor any services carried out by independent certification bodies.

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

No | liability=shall attach to IEC or IEEE or their directors, employees, servants or agents influding
ind{vidual experts and members of technical committees and IEC National Committees, or voluntgers of
IEHE Sogieties and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Stalndards Board, 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/IEEE Publication or any other IEC or IEEE 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 implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patent Claims or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that

Published by IEC under license from IEEE. © 2006 IEEE. All rights reserved.
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determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility.

International Standard

IEC 62860-1/IEEE Std 1620.1™-2006 has been processed

through IEC technical committee 113: Nanotechnology standardization for electrical and
electronic products and systems, under the IEC/IEEE Dual Logo Agreement.

The text of this standard is based on the following documents:

IEEE Std

FDIS

Report on voting

IEEE Std 1620.1™-2006 113/185/FDIS

113/195/RVD

Full information on the voting for the approval of this standard can be found in the feport
on vofing indicated in the above table.

The IEC Technical Committee and IEEE Technical Committee have decided that the
contents of this publication will remain unchanged until the stability dateindicated an the
IEC web site under "http://webstore.iec.ch" in the data related to the ‘specific publidation.
At this date, the publication will be

¢ refconfirmed,
e withdrawn,

* replaced by a revised edition, or

e arnended.

A bilingual version of this standard may be issued at a.tater date.
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Abstract: Recommended methods and standardized reporting practices for electrical
characterization of printed and organic ring oscillators are covered. Due to the nature of printed
and organic circuits, significant measurement errors can be introduced if the electrical
characterization design-of-experiment is not properly addressed. This standard describes the
most common sources of measurement error, particularly for high-impedance electrical
measurements commonly required for printed and organic ring oscillators. This standard also
gives recommended practices in order to minimize and/or characterize the effect of measurement
artifacts and other sources of error encountered while measuring printed and organic ring
oscillators.

Keywords: electrical characterization, high-impedance printing, organic transistor, printed
electronics, ring oscillator

Published by IEC under license from IEEE. © 2006 IEEE. All rights reserved.
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Introduction

This introduction is not part of IEEE Std 1620.1-2006, IEEE Standard for Test Methods for the
Characterization of Organic Transistor-Based Ring Oscillators.

This standard covers recommended methods and standardized reporting practices for electrical
characterization of organic transistor-based ring oscillators. Due to the nature of organic transistors and
circuitry, significant measurement errors can be introduced if not properly addressed. This standard
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Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence
or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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iIrpose

frpose of this standard is tg"provide a method for systematically characterizing organic traj
ring oscillators. This standard is intended to maximize reproducibility of published resy
ng a framework for testing organic ring oscillators, whose unique properties cause measul
not typically encountered with inorganic-based circuitry. This standard stresses disclosure
ures used to measure data and extract parameters so that data quality may be easily assesse
d also sets guidelines for reporting data, so that information is clear and consistent through
h community and industry.

ectrical characterization overview

andard describes a method for characterizing-0tganic electronic transistor-based ring oscifllators,

during

1sistor-
hlts by
rement
of the
. This
but the

1.3.1 Testing apparatus

Testing shall be performed using an electronic device test system with an accuracy and resolution of at least
+0.1% of the measurement values for both signal level and timing or frequency measurements. In order to
maintain the necessary accuracy, this test method requires that the instrumentation be calibrated against a
known and appropriate set of standards [e.g., National Institute of Standards and Technology (NIST)].
These calibrations may be performed by the equipment user or as a service by the equipment vendor.
Calibration is not performed against a known organic field-effect transistor (OFET), organic circuit, or
other FET-type device; the basic instrument operations (e.g., voltage, current, and resistance) are calibrated

Published by IEC under license from IEEE. © 2006 IEEE. All rights reserved.
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against some method traceable to a NIST (or similar internationally recognized standards organization)
physical standard. Recalibration is required according to the instrument manufacturer’s recommendations
or when the instrument is moved or when the testing conditions change significantly (temperature change
greater than 10 °C, relative humidity change greater than 30%, etc.).

1.3.2 Measurement techniques

1.3.2.1 Required measurements

Characterization of the organic ring oscillator shall include at minimum the following primary set of
measurernents:

—1 A ring of an odd number (at least three) of inverter stages, operated at a single supply yoltage,
characterizing output voltage from a single node versus time in seconds. The number, of ipverter
stages should be chosen to be as large as practically possible. Ideally the ring oscillator [should
comprise at least seven or more stages. Shorter ring oscillators can often oscillate with signal level
not closely related to their saturation values. While this results in faster gseillation, the [timing
numbers so obtained are much less useful in understanding realistic digital circuit spegds. In
addition, ring oscillators with few stages are more affected by the way@dn,which the output yoltage
is measured, and, in particular, measurement results will depend @mere on the capacitange with
which the node being measured is loaded by the measurement. Koy all ring oscillators pafticular
care should be taken to report the conditions of the signal measurement at the output nodg. In all
cases the value of the load capacitance in relation to thesinput capacitance of an invertep stage
should be reported.

— Both output frequency and output signal level and swing shall be reported.

—1 Static measurements of inverter transfer characteristics. Preferably, the inverters foi static
measurements should have the same size«and geometry as those used in the ring osdillator.
Geometry information shall be provided for both ring oscillators and static inverters.

1.3.2.2 Recommended measurements

The following additional measurements are strongly recommended:
— Measurement of ring oscillator output using multiple supply voltages.

—1 Simultaneous measufemént of ring oscillator output at two or more nodes, using buffer| stages
between the ring ©oscillator and measurement apparatus. This is in addition to, and should|not be
instead of, measurement of ring oscillator output at one node.

1.3.3 Repeatability and reporting sample size

Sampl¢ petformance between different devices may vary due to variations in the fabrication process.
Additipnally, it is useful to determine the repeatability of the reported results. Therefore, sample size is to
be reported Thus:
— If no sample size is reported, it is assumed that the data represents a sample size of a single device
(i.e., may not represent repeatable results).

— For sample sizes larger than one, the sample size is reported with the method of sampling (e.g.,
whether all devices were characterized, a randomly-chosen fraction of the total sample set).

A description of what the reported data demonstrates (e.g., average values, worst-case) is also required.

Published by IEC under license from IEEE. © 2006 IEEE. All rights reserved.
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1.3.4 Application of low-noise techniques

In order for comparability between different device structures and eventual compatibility to
nanoelectronics, voltages and applicable geometries are given so that electrical fields (V/cm) may be
determined. For example, film thickness is reported along with VGS values, and channel length is reported
with VDS data. Preferably, electrical field values are specified.

Due to optical sensitivity of some organic semiconducting materials, all measurements should be conducted
inside a light-insulating enclosure that is preferably earth (safety) grounded. Optical isolation is
recommended if exposure to ambient light causes a change of more than 1% from values obtained in the

dark.

Due tq the high impedances and extremely low current values being measured, proximity of per|

heavy

be maintained as far away from the measurement system while in operation. This is of particiilar g

when

1.3.5

The p1
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the cir
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It is r
measu
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the ou
metho
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Depen
not co
high-ird
ring oS
additio
with a
stage

achinery, or other potential electromagnetic/radiofrequency interference (EMI/RFI) sources
easured voltages are below 1 mV or when current values are less than 1 pA.
Characteristics and effects of instrument probing

pbe means used for characterizing ring oscillator output will affect the¢ waveform due to loa

uit is used in typical applications).

of all types of measurements include:
Introduction of capacitance, which may reduce ring-oscillator speed

Introduction of shunt resistances, which may ¥eéduce voltage swing and/or affect oscillator s

pcommended that a buffer stage or stagés be added to the ring oscillator for frequency
ement. This buffer is typically an @dditional inverter (often, but not necessarily, with th
il design of the inverters used to(construct the ring oscillator) with the input terminal conne|
put of one stage of the oscillator. The output of the buffer stage or stages is then measure
| of measuring the operating fréequency of a ring oscillator helps to minimize the effect of cag
b from the measurement,on oscillator performance.

ling on circuit and-measurement details, measured buffer stage output voltage level and swit
respond well te_internal circuit values. Direct probing of internal nodes using a low-capad
npedance active probe can provide additional information about ring oscillator signal level 4
cillators with-buffered output, the change in operation frequency with internal node probing p1
nal cireuif operation information and should be reported. Direct probing of ring oscillator
low-capacitance, high-impedance active probe is also an acceptable alternative to the use of 4

sonnel,

should

joncern

ling of

o oscillator nodes. Methods of measuring the oscillator wave in€lude direct probing of the ring
or with an oscilloscope probe (passive or active), or indirect probing where the oscillator oytput is
ted to a suitable buffer amplifier (for example, another inverter; ‘this mimics the loading effects when

eed

output
b same
cted to
. This
acitive

1g may
itance,
nd, for
ovides
output
buffer

nstages. For such measurements the capacitance and resistance or current burden of thg

probe

should

be reported.
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2. Definitions, abbreviations and acronyms

-2006

For the purposes of this standard, the following terms and definitions apply. The Authoritative Dictionary
of IEEE Standards [B1]" should be referenced for terms not defined in this clause.

2.1 Definitions

21.1¢

haracteristic: /pg vs. Vpg for a fixed Vgs. See also: output curve.

2.1.2 dwell time: Duration starting at the point in time when the measurement voltage is applied to the time

when
Altern

2.1.3 eprth ground: Safety grounding directly to earth ground connection or instrument, frame, ty]

separal

additignal noise shielding.

2.1.4 BMI/RFI: Electromagnetic and radio-frequency interference; potential)contributor to n

measu

2.1.5 ¢
device

performned in a manner that introduces minimal effect on the test.environment.

2.1.6 fi

2.1.7 ground chuck: Conductive platform on which:the device under test is placed. The ground c

electri

2.1.8 output curve: Ipg vs. Vpg for a fixed Vs-See also: characteristic.

2.19 slﬁray capacitance: Any undesirable interlayer or interfacial capacitance within the device.

typica

2.1.10

earth ground.

22 A

EMI
FET
NIST
OET
OFET
OST
PFET
RFI
RH
uv

fhe measurement 1s recorded. Used to minimize measurement errors due to transient
itively, sweep speed can be adjusted.

e of system/signal ground. Intended for shielding operator from high voltages and pi

ements.

under test. These values are to be measured as close to<the device under test as possib

brce voltage: Voltage source that is supplied by the instrument in order to bias a particular ele

ally referenced to system ground.

y impede device performanceand are a likely source of measurement errors.

|system ground: Zero.voltage reference or “LO” connection to instrument. Typically isolate

cronyms

electrémagnetic interference
field\effect transistor

noise.

pically
ovides

ise in

nvironmental condition: Real or artificial atmospheric conditions immediately surrounding the

e, and

Ctrode.

huck is

These

d from

National Institute of Standards and Technology

organic electronic technology
organic field-effect transistor
organic semiconductor technology
polymer field-effect transistor
radiofrequency interference
relative humidity

ultraviolet

! The numbers in brackets correspond to those of the bibliography in Annex A.
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andard ring oscillator characterization procedures

3.1 Circuit layout

The device structure used for characterization is to be reported, including general device geometry,
electrode placement, etc. At minimum the following geometrical information shall be reported:

The fo]lowing information for device fabrication should be reported:

3.2 Guidelines for:the ring oscillator characterization process

Settings are te-beéChosen so that:

Relation of gate electrode to substrate (e.g., bottom- or top-gate)

Relation of source/drain electrode to semiconductor and dielectric (e.g., top-contact or bottom-

contact)

Gate length, gate width, and overlap between gate and source/drain electrodes for all dewvj
pm, mm, cm, or mil)

Dielectric thickness (in A, nm, or pum)

Estimated or measured semiconductor average thickness (in A, nm, or pum)
Microscope image of the top view of the fabricated oscillator with scale bart

Distance between adjacent inverters

Details of stage interconnections, including level-shifting if used

Details of additional stage loading, for example fan-out or sumulated wiring, if used
Type of all devices used (e.g., n-channel, p-channel, or‘z- dnd p-channel, or ambipolar)

Structure and dimensions of buffer stage (if used)

Description of the applicable fabrication>process flow, including cleaning, deposition, patt
passivation/encapsulation, and annealing/curing methods. Any surface treatment(s) b
deposition steps, including chemiical, interfacial agents to promote ordering (sy
octadecyltrichlorosilane between. dielectric and semiconductor, mechanical (e.g., brush
promote ordering), or any other-enhancements used should also be described).

Description of applicable materials used for the semiconductor, dielectric, gate elg
source/drain electrode, patterning-etch mask, and passivation/encapsulation.

Ring oscillator operation frequency or average stage delay versus operating voltage and

ces (in

erning,
etween
ch as
ing to

ctrode,

current
five or

should be provided. Data should be given for a minimum of three operating points with

more points recommended.

For ring oscillators operating from two or more power supplies, the voltages and currents for each

supply should be provided.

Information about ring oscillator operational stability should be provided. When stability limits

operation duration, this information should be provided.

Because organic electronic device stability sometimes limits device and circuit performance,
consideration of device operational degradation should be given when testing organic transistor

ring oscillators. For example, beginning testing a low-power supply voltage and continuing

testing
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with increasing voltage may allow a wider range of operating voltage to be tested. However,
beginning testing at higher power supply voltage may demonstrate shorter gate delay. In general,
multiple ring oscillators should be tested with varying approach and relevant observations reported.

Although device and circuit testing in the dark is generally recommended, testing under
illumination can sometimes provide clues to changes in device operation (for example,
illumination-induced trap filling). When illumination is used, device and circuit changes from dark
operation should be reported.

Ring oscillator output waveforms may be of interest, especially when such waveforms provide
stage rise and fall time information.

Inverter single-stage or delay chain time-domain measurements can provide useful additional
information to ring oscillator measurements.

Because OFET impedances often require operation far from coaxial cable{Charagteristic
impedance, due consideration should be given to cable loading in addition to instrument loading
effects. Low-capacitance, high-impedance or low-current active probes can reduce loadipg, but
may limit measurement voltage.

hat OFET response may not be stable over time. See 3.3 in IEEE Std ‘4620-2004™ > * for more

ther applicable standards

pasurement and hence characterization of an oscillator 'is corrupted by various forms of noise and
inty. IEEE Std 1139™-1999 [B2] recommends practices for the reporting of measurements and
ities associated with oscillators. In addition, IEEE Std 1193™-1994 [B3] provides insight into
e systematic instabilities, however, this standard-is targeted at oscillators whose frequency sfability
r than one part in 10 000.

pporting data

Reporting standards

formation that is~reported with all electrical characterization data is shown in Table [l. The
hations are such. that the other two parameters may be determined by calculation. Reporting these
ters shall follow the terminology, symbol use, and units as shown in Table 1. Environmental test and
conditiorisy(discussed in 3.4.8) shall also be reported.

imber_Jof data points used for any curve fitting for parameter extraction shall be disflosed.
nally, if available, information on the quality of the curve fitting (if any) shall also be reported (e.g.,

reliabi

1ty factor K).

% The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

3 IEEE

publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ

08854, USA (http://standards.ieee.org/).

Published by IEC under license from IEEE. © 2006 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1a31916b60b557d54c06625eba373ddc

IEC 62860-1:2013(E) -7-
IEEE Std 1620.1-2006

Table 1—List of parameters to be reported with all electrical data

Characteristic Standard symbol Units
Number of inverters N unitless
Oscillation frequency® Jfosc Hz
Time to oscillation® Y s, ms
Time to steady state” tss s, ms
Oscillation amplitude® Vosc A%
Supply voltage(s) Vop, Vss, etc. \%
Oscillator power consumption® Poge \%%
Gate delay (per stage) LStage s, ms

*Techniques used to calculate marked parameters shall be reported

3.4.2 Sample waveform

A gray
paramg
evalua

schematic of the oscillator and corresponding identification of each node from which the wavefor

measu

3.4.3 Determination and reporting of oscillation amplitude

The ogcillation amplitude is the difference between the maximum and minimum in voltage of the

wavef
oscillal

averagps should be reported. If an accurate pictorial repfesentation is not possible, the reported osc
amplitpde value should represent the underlying behavior of the waveform, rather than any noise th

be pre

The fo

3.44

The of
Altern
midpo

h of experimental data of at least one full oscillation period should be reported. As most
ters are extracted from the measured waveform, inclusion of this graphCgreatly assists
ion. If multiple waveforms from the same oscillator are included, this graph should also in

ed.

rm. A graph showing a digitized sample waveform is the preferred method for reporti

critical

n data
lude a

ms arc

output
ng the

ion amplitude. If the presented data represents a repetitive average of the waveform, the number of

ent.

lowing measurement conditions cancaffect the measurement and should be reported as well:
Ring oscillator power supply veltages

Input impedance
Input capacitance

Measurement bandwidth of the instrument used to determine the oscillation amplitude

Determination and reporting of oscillation frequency

cillatiofiperiod is the time elapsed between two peaks when the oscillation has reached stead
itiyelyy the oscillation period may be determined by the time it takes the waveform to cr

Ilation
At may

y state.
bss the

nt\tfwice. This midpoint is the average of the minimum and maximum voltage output vali

ie. For

example, if the oscillator output varies between —60 V and 0 V, the midpoint is —30 V.

Measured oscillation frequency may be adversely affected by the electrical properties of the probes used
and the instrumentation. Details of the effects of probes on oscillator performance are found in 1.3.5.

Using a frequency counter or spectrum analyzer is an alternative to characterize ring oscillator frequency.
These can be used to correlate with the results of oscilloscope or other measurement technique.

For accurate determination of the frequency of oscillation, care should be taken to ensure that the
measurement equipment has sufficient absolute accuracy and stability. For example, frequency sources

Published by IEC under license from IEEE. © 2006 IEEE. All rights reserved.
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within oscilloscopes and spectrum analyzers are not always absolutely accurate and can posses moderate
levels of noise. Locking these instruments to a standard frequency source is recommended.

3.4.4.1 Voltage-dependent oscillation frequency

The oscillation frequency is typically dependent on the oscillator supply voltage. Usually, an increased
supply voltage improves the transfer characteristic of the inverters, resulting in a reduced phase delay and
an increase operating frequency. In the simplest case, the change in frequency is linear with the change in
supply voltage, and can be reported as a frequency shift in Hertz per volt change in supply voltage. The
range of supply voltage over which the shift was observed should also be reported. If the behavior of the
oscillator is more complicated, best practice would be to illustrate it with a graph.

3.4.4.2 Frequency stability/period jitter

The oYserved frequency/oscillation period is subject to fluctuation due to the following;
—| Fluctuations in the power supply voltage

—| Sources of noise, including RFI/EMI

—| Variations in temperature and humidity during measurement period,

Minimjizing the effect of these sources of variation shall be done beforé measurement. In order to mijnimize
overall effect, frequency measurement shall be done for a timepefiod much greater than the oscjllation
period| Measurement for at least 100 oscillation periods is recormmended.

3.4.5 Determination and reporting of delay time to.oscillation

The ddlay time to oscillation is the time elapsed between power-up of the ring oscillator circuit to tle time
oscillafion begins.

NOTE+-Time to oscillation is heavily dependent on multiple factors, many of which may not be controllpble by
process} For example, time to oscillation cafibe dependent on the charge state of each node upon poweting the
oscillatpr, and upon the ramp rate of this applied power. Other factors include stiffness of the power sources, ¢xternal
noise, gnd recent test history. Due to these factors, determination and reporting of delay time to operation is npt often
reporteql. However, if there is a need for such reporting, the specific criteria for how delay time is characteriged and
what is|considered “start of oscillation should be explicitly defined.*

3.4.6 Determination and-reporting of delay time to steady-state operation
The dglay time togscillation is the time elapsed between power-up of the ring oscillator circuit to the time

oscillafion reaches ‘steady state. Steady state is determined when the oscillation ceases to incr¢ase in
magnifude and-does not deviate more than a specified amount from an average magnitude.

The cifiteria” for steady state heavily depend on operating conditions, the stability of devices, application
requirements, nature of test, etc. Therefore, the time to attain steady state shall be disclosed along with a
definition of the steady-state criterion.

* Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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3.4.7 Determination and reporting of oscillator power consumption

The power consumption of an oscillator is the total power (in watts) consumed by an oscillator during
operation. Total power consumption is measured by monitoring current drain from the oscillator power
supply set at a known and constant dc voltage.

Power consumption can be affected by many factors; it is recommended that the following should be
evaluated:
— Power consumption versus supply voltage

— Static versus dynamic power consumption

nY S - g ) 4+ L 24.QN
— LI UWUIL UUllDulllPLlUll VY. VIIVIIVUIIINVIILAL TdUlUL S \D\/\/ J.‘r.U}
—| Power consumption from each oscillator stage
3.4.8 Reporting of environmental conditions

The erfvironmental conditions present during device storage and characterizationsshall be reported With all
electri¢al characterization data. Guidelines for environmental monitoring are detailed in 3.5.

3.4.9 Reporting of non-sinusoidal waveforms
Typically, the waveform output from a ring oscillator is sinusoidal{Under certain conditions, the wayeform

may bgcome distorted. In such instances, the waveform shapefshall be described, and should in¢lude a
graphig¢ of at least one full waveform.

Table 2—Timing parameters for non-sinusoidal waveforms

Characteristic Standard symbols Units
Time in high state ty s, ms
Time in low state 1 S, mS
Rise time tr, t, S, mS
Fall time tu, tr S, mS

In add]tion to a graphical représentation of the waveform, four primary attributes of the waveform [should
also bg¢ given. If such timing) description is used, all four parameters shall be given. These parameters are
listed ip Table 2.

Portiogs in a period/of oscillation are the distribution of four regions in any oscillation cycle. They are high,
low, trhnsition<{rom low to high, and transition from high to low. The high and low state can be defined in
any wgy that s necessary for the application, but the definitions shall be given. Typically, the high state is
the voltage at which is closest to the power supply voltage. The low state is usually the voltage|that is
closestlta grmmd hY nlmgp

The time in the high state is the time in a steady-state oscillation period that the output stays within 10% of
the oscillation amplitude from the high output voltage in the period.

The time in the low state is the time in a steady-state oscillation period that the output stays within 10% of
the oscillation amplitude from the low output voltage in the period.

The rise time is the time required for the waveform to move from 10% of the low state voltage to within
10% of the high state voltage.
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The fall time is the time required for the waveform to move from 10% of the high state voltage to within
10% of the low state voltage.

3.5 Environmental control and standards

Circuit storage conditions from time of device fabrication to time of measurement are to be reported.
Environmental conditions during circuit storage have been shown to significantly affect circuit
performance. Changes in the storage and characterization environment will result in potentially significant
variation in circuit performance. Therefore, diligent reporting of circuit storage and characterization
environments is necessary for comparing or verifying data.

The e
measu

experinent. However, real-time recording of the environmental conditions repeatedly and-recordd

each d:

The fo

hvironmental conditions driving the measurement shall be monitored and recorded for
ement. Conditions are at a minimum to be recorded at the beginning and at the ehd-Q

hta point is recommended.

lowing environmental conditions must be monitored and recorded:
Measurement atmosphere (e.g., ambient air, nitrogen environment, vacutin)

Light illumination conditions and light exposure time (e.g., dark, U¥protection, etc.). Also

and before electrical measurement.

Device temperature (measured to a resolution of atleast 1 °C or 1 K, 0.1 °C or
recommended).

Relative humidity (RH) (to a resolution of 5% minimum, 1% recommended).

Measurement duration, time of measurement‘(in order to assist in evaluating measurement a
due to very long lifetime effects).

every
f each

d with

nclude

change in lighting conditions, such as length of time sample was\placed in dark after light eposure

0.1 K

rtifacts
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