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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PIEZOELECTRIC, DIELECTRIC AND
ELECTROSTATIC DEVICES AND ASSOCIATED MATERIALS
FOR FREQUENCY CONTROL, SELECTION AND DETECTION -
GLOSSARY -

Part 3: Piezoelectric and dielectric oscillators

FOREWORD

1) Thdg International Electrotechnical Commission (IEC) is a worldwide organizati S ardizati prising
all |national electrotechnical committees (IEC National 2 S romote
intdrnational co-operation on all questions concerning standardlzatlon in the~elestric i¢ figdlds. To
this| end and in addition to other activities, 8 } > igations,
Teghnical Reports, Publicly Available Specifications (PAS) and /GQuids 2 : 5 “IEC
Pulllication(s)”). Their preparation is entrusted to technical committges; brested
in fhe subject dealt with may participate in this preparatory work ' 3 d non-
governmental organizations liaising with the IEC also participdte i is™p ian. closely

withh the International Organization for Standardization (I
agrgement between the two organizations.

ihed by

2) Thqg formal decisions or agreements of IEC oRr i s S ible, i ational
conisensus of opinion on the relevant subjects si ack i i i fom all
intgrested IEC National Committees.

3) IEQ Publications have the form of recommendations i i ational
Corhmittees in that sense. While all reasonable efforts of IEC

Puljlications is accurate, IEC cannot be SI e Xor thhe way in which they are used or for any
C\Nationgl Lommittees undertake to apply IEC Publications

misjnterpretation by any end
their mational and regional publications. Any divgrgence
sational or regional publication shall be clearly indidated in

4) In ¢rder to promote intern
trarisparently to the maxi
betyeen any IEC Public

the|latter.

5) IEQ itself does vie any ation qf copformity. Independent certification bodies provide corfformity
asspssment services a i . accgss to IEC marks of conformity. IEC is not responsible for any
seryices carried out By inde erfificati

6) All psers should &nhsuxe ve the fatest edition of this publication

7) No [iability sha A EC or\is directors, employees, servants or agents including individual expefrts and
members ofts te } nittees and IEC National Committees for any personal injury, property danpjage or

other damage of anyatlre whatsoever, whether direct or indirect, or for costs (including legal feqs) and
explenges axisiug Qui“of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Pullicati

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publicafions is
indispensable~forthe cotrect application of this publication.

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

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification 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.
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IEC 61994-3, which is a technical specification, has been prepared by IEC technical
committee 49: Piezoelectric, dielectric and electrostatic devices and associated materials for
frequency control, selection and detection.

This second edition of IEC 61994-3 cancels and replaces the first edition published in 2004.
This edition constitutes a technical revision.

The main changes with respect to the previous edition are listed below:

definitions updated,

terminology given in orderly sequence,

— ngw terminologies are added,

— drpwings inserted for easier understanding.

The text of this technical specification is based on the following documan

Enquiry draft Report on VOKQ \

49/928/DTS 49/9{@&\ X

cification can be folind in

Full information on the voting for the approval of t
the report on voting indicated in the above table.

This gublication has been drafted in accorda

A list |of all parts of the IEC 61994 serfes, undeithe \ i 1 ic, di ¢ and
electrpstatic devices and associated m , 1 tion —
Glosspry, can be found og'th

NOTE | Future standards in|thi
this sefies will be updated &

The committee hi i
the s{ability date j
related to the speci

ards in

fents of this publication will remain unchanged until
web site under "http://webstore.iec.ch" in thg data
is date, the publication will be

+ trgnsfor
* regopfir
* withdra

+ replaced bya revised edition, or
+ amended:
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PIEZOELECTRIC, DIELECTRIC AND
ELECTROSTATIC DEVICES AND ASSOCIATED MATERIALS
FOR FREQUENCY CONTROL, SELECTION AND DETECTION -
GLOSSARY -

Part 3: Piezoelectric and dielectric oscillators

1 Sfope

This Jpart of IEC 61994 specifies the terms and definitions for
oscillgtors representing the state-of-the-art, which are intended for
documents of IEC TC 49.

2 Normative references

Void

3 Terms and definitions

For the purposes of this document, the fo 9 defihitions apply.

3.1

adjusttment frequency

frequency to which an must beé\adjusted, \hder a particular combination of op¢

condifions, in order to|ms
operating condit{;'.
[IEC §0679-1: 200 3R.Y
3.2
Allan

= nominal frequency + frequency offset

ectric
s and

rating

erante specification over the specified rapge of

unbia i f, tf pred definition in the time domain of the short-term stability

chara

Gy2 (T)

R

1 Af(ykﬂ _Yk )2
M-1= 2

N

wherg

Y. are the average fractional frequency fluctuations obtained sequentially, with no

systematic dead time between measurements;
T is the sample time over which measurements is averaged;
M is the number of measurements.

NOTE The confidence of the estimate improves as M increases.

[IEC 60679-1: 2007, 3.2.23, modified]

3.3
amplitude modulation distortion

non-linear distortion in which the relative magnitudes of the spectral components of the

modulating signal waveform are modified


https://iecnorm.com/api/?name=13c384ba2e6638f64d130e6dbfd85294

-6- TS 61994-3 © IEC:2011

NOTE This amplitude modulation distortion is also commonly known as frequency distortion, amplitude distortion
and amplitude/frequency distortion.

[IEC 60679-1: 2007, 3.2.28, modified]

3.4
crystal cut
orientation of the crystal element with respect to the crystallographic axes of the crystal

NOTE This definition is included as it may be desirable to specify the cut (and hence the general form of the
frequency/temperature performance) of a crystal unit used in an oscillator application. The choice of the crystal cut
will imply certain attributes of the oscillator which may not otherwise appear in the detail specification.

[IEC §6679=1+—26673-2-31
3.5
decay time
fall time
time interval required for the trailing edge of a waveform to bfined
levels
NOTE | These two defined levels may be the logic levels V., and ely, of
the mgximum amplitude (equaling V,;, - V ) of the waveforp detail
specifi¢ation (see Figure 1),
where
VoL [is the low level output voltage;
VoH [is the high level output voltage;
Vi is the upper flat voltage of the pulse wavg
VLo s the low flat voltage of the pulse wavefy
[IEC €
Pulse duration (¢2)
(space) N
n
Vhi -
\ VoH upper limit 90 %
\ \> Arithmetic mean
9 of limit
o
o
>
VoL Lower limit 10 %
o —/ 7
s . Time
Rise time Decay time
IEC 447/07
Figure 1 — Characteristics of an output waveform
3.6
electrostatic discharge
ESD

transfer of electric charge between bodies having different electrostatic potentials in proximity
or through direct contact
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[IEC 60050-161:1990, 161-01-22]

3.7
frequency adjustment range

range over which the oscillator frequency may be varied by means of some variable element,

for the purpose of:

a) setting the frequency to a particular value, or

b) to correct the oscillator frequency to a prescribed value after deviation due to ageing, or

other changed conditions
[IEC 60679-1: 2007, 3.2.11]

3.8
frequency/load coefficient

fractignal change in output frequency resulting from an increment
impedance, other parameters remaining unchanged

[IEC §0679-1: 2007, 3.2.20]

3.9
frequency offset
frequency difference, positive or negative, which shou d be“added
frequency of the oscillator, when adjusti i S

icdl load

the specified ngminal
under a particular et of

operating conditions in order to mirimi i i néminal frequency ovér the

specified range of operating conditions

[IEC §0679-1: 2007, 3.2.9]

NOTE | In order to minimize thg
offset may be specified for adjus

9,

\ce temperpidre (see Figure 2).

omingl over the entire temperature range, a frequency
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A
: F(T) with offset =AF at 25 °C
]
L/
AF
) _ - Nominal frequency
c —— N ———
(5} ] ~<
g’ / ] =~ ~
o 1 N
L 1 N
Ve - ! A N
Ve 1 H N
B | F(T) with zero offset N
[
T AC[UStment temperature
1
l//
1
-20°C 25°C 70°C Operating temperature
A
@ <
L
©
> N
c AKfq
[
=
o 0 N\ A
L AV >
—AF1 |
-20 °C 70 °Cc Operating temperature

3.10

frequ
maxinu
when

[IEC

T

leof the use of frequency offset

during adjustment

IEQq 445/07

of the oscillator frequency from a specified nominal [value

NOTE | Frequency tolerances are often assigned separately to specified ambient effects, namely elgctrical,
mechaficaland environmental. When this approach is used, it is necessary to define the values of other ogerating

parameters as well as the range of the specified variable, that is to say:

— deviation from the frequency at the specified reference temperature due to operation over the specified
temperature range, other conditions remaining constant;

— deviation from the frequency at the specified supply voltage due to supply voltage changes over the specified
range, other conditions remaining constant;

— deviation from the initial frequency due to ageing, other conditions remaining constant;

— deviation from the frequency with specified load conditions due to changes in load impedance over the
specified range, other conditions remaining constant.

In some cases, an overall frequency tolerance may be specified, due to any/all combinations of operating
parameters, during a specified lifetime.
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frequency/voltage coefficient
fractional change in output frequency resulting from an incremental change in supply voltage,
other parameters remaining unchanged

[IEC 60679-1: 2007, 3.2.19]

NOTE In the case of OCXOs, a considerable time may elapse before the full effect of a supply voltage change is
observed, as the temperature of the oven may drift gradually to a new value following the voltage perturbation
3.12

harmonic distortion

non-lifgar distortion characterised Dy the generation oI undesired speciral comp nents
harmgnically related to the desired signal frequency

NOTE | Each harmonic component is usually expressed as a power (in decibels) relat I of the
desired signal.

[IEC §0679-1: 2007, 3.2.30, modified]

3.13

incidental frequency modulation

optiorlal measure of the frequency stability in the fr est described in |terms
of the| spectrum of the resultant base-band signal obtairfed g the oscillator signal to
an idgal discriminator circuit of specified charactg

NOTE | If the detection bandwidth is adequatel specified, \nCi Jjency modulation may be exgressed
as a frgctional proportion of the output frequency (fQ 2 if a 10 kHz band).

[IEC §0679-1: 2007, 3.2.27, modified]

3.14

latchqup

persigtent state in w results from an input, output or gupply
overvpltage Q

3.15

linearity of freq

meastire of th stic of a modulation system as compared to its an| ideal
(straight ling) ti expressed as an allowable non-linearity in per cent pf the
speciffied i

NOTE y n also be expressed in terms of the permissible distortion of base-band [signals
producged by the device. (For example, intermodulation and harmonic distortion products not to jexceed
—40 dBjrelative_to-theMatal modulating signal power).

NOTE P <Eidgure 3 is a plot of the output frequency of a typical modulated oscillator specified to have a modulation
characferistic of 133,3 Hz/V over a range of + 3 V, with an allowed non-linearity of +5 %. Curve D is thqg actual

characteristic compared with the ideal (curve A) and the limits (curve B and C).

[IEC 60679-1: 2007, 3.2.29, modified]
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400 z
200 —
N
L
5
:‘g 0 Center frequency
O
>
2
()
=}
5
T -200
-400 X
AV >
[ I I I NN I
-3 -2 -1 0 2 3
Voltage
IEC 1398/11|
Figure 3 — Typical frg fl ion characteristics

3.16
long-term frequency stabilj
frequency ageing

relatignship betwi i
NOTE | This long-termvfrequent
oscillatpr circuit, and shou

[IEC §0679-1: 20

of the
I.

3.17
maxim
MTIE
largeqt peak
7(in geconds)

time interval error (TIE) in any observation interval of |ength

3.18
nominal frequency
frequency used to identify the crystal controlled oscillator

[IEC 60679-1: 2007, 3.2.7]

3.19

operable temperature range

range of temperature over which the oscillator will continue to provide an output signal,
though not necessarily within the specified tolerances of frequency, level, waveform, etc.

[IEC 60679-1: 2007, 3.2.14]
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3.20
operating temperature range

range of temperature over which the oscillator will function, maintaining frequency and other

output signal characteristics within specified tolerances

[IEC 60679-1: 2007, 3.2.13]

3.21
oven controlled crystal oscillator
OCXo

crystal controlled oscillator in which at least the piezoelectric resonator is temperature

contrqlled

[IEC §0679-1: 2007, 3.2.6]

3.22
overtpne crystal controlled oscillator

oscillgtor designed to operate with the controlling piezoel
mechanical overtone order of vibration

[IEC §0679-1: 2007, 3.2.2]

3.23
phase jitter
short-term variations of the zero crgssi
positipn in time

NOTE | See Figure 4.

NOTE R The phase variation
than 1( Hz are called “wander”.

[IEC §0679-1: 2007, 3[2:839

<>Q S \

jgger-point

N

<>

Peak-to-peak
jitter
IEC 448/07
Key

spHg

Tref is the period of an ideal reference signal.
Figure 4 — Clock signal with phase jitter

3.24
phase noise
frequency-domain measure of the short-term frequency stability of an oscillator

cified

ideal

slower

NOTE This phase noise normally expressed as the power spectral density of the phase fluctuations, Sw(f), where

the phase fluctuation function is(p(t):ZTth72nFot- The spectral density of phase fluctuation can be directly related to

the spectral density of frequency fluctuation by the following formula:
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is the oscillator frequency;

is the average oscillator frequency;

is the Fourier frequency.

[IEC 60679-1: 2007, 3.2.25, modified]

3.25

pulse
durati

[IEC 4

3.26

refergnce point temperature

tempe

[IEC

3.27
refere
tempe
25 °C

[IEC

3.28
retrag
ability
freque

[IEC

3.29

rise t
time i
levels

NOTE
the ma3
specifi

duration
bn between pulse start time and pulse stop time(see Figure 1)

0679-1: 2007, 3.2.32]

rature measured at a specific reference point relative

0679-1: 2007, 3.2.16]

nce temperature
rature at which certain oscilla
+2°C

0679-1: 2007, 3.2.15

e characteristics

ximum ;amplitude”(equaling V|, - V,,) of the waveform, or any other ratio as defined in thg
ation“(see Figure 1).

of an oscjHa secified time period, to a previously stabilized
ncy, follo @: &riod i

rmally

pfined

ely, of
detail

3.30

Q0 NN U H L |
y 9.4.99, TTTUUNTTCU]

rms fractional frequency fluctuation
measure in the time domain of the short-term frequency stability of an oscillator, based on the
statistical properties of a number of frequency measurements, each representing an average

of the

NOTE

frequency over the specified sampling time interval =

The preferred measure of rms fractional frequency fluctuation is:
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[IEC 60679-1: 2007, 3.2.24, modified]

3.31
short-term frequency stability
random fluctuations of the frequency of an oscillator over short periods of time

[[EC 60679-1- 2007 3 2 22]

3.32
simplie packaged crystal oscillator
SPX
crystdl controlled oscillator having no means of temperatuye
exhibiting a frequency/temperature characteristic determined s
resonator employed

ation,
ectric

[IEC §0679-1: 2007, 3.2.1]

3.33

spectral purity

meastire of frequency stability in th JUE signal
side noise power spectrum expressed\in d ‘ hertz
bandwidth

NOTE | This spectral purity inclug burious

frequerjcy interferences.

[IEC §0679-1: 2007, 3.

3.34

spuripus oscilla

discre butput
frequg

NOTE ending
upon th er ratio

(in dec

[IEC 4

3.35

stabilization time
time, initi icati i illator

to stabilize its operation within specified limits

[IEC 60679-1: 2007, 3.2.18]

3.36

start-up time

time difference t_ between the application of the supply voltage to the oscillator and the time
when the r.f. output signal of desired frequency controlled by the quartz resonator fulfils
specified conditions which are given below

a) Quasi-sinusoidal waveforms
The signal envelope is 90 % of the steady-state peak-to-peak amplitude
b) Pulse waveforms
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The output pulse sequence is periodical near the steady-state frequency while its low level
V| o remains below Vg and its high level V|, exceeds V5, permanently, where Vg, and
Vo are defined by the applicable logic family

[IEC 60679-1: 2007, 3.2.38]

3.37

storage temperature range

minimum and maximum temperatures as measured on the enclosure at which the crystal
controlled oscillator may be stored without deterioration or damage to its performance

[IEC 60679-1: 2007, 3.2.12]

3.38

symmetry (mark/space ratio or duty cycle)

ratio between the time (t;), in which the output voltage is above 2 d the
time (f,), in which the output voltage is below the specified level, i afion of
the full signal period

NOTE | The specified level may be the arithmetic mean between level o-peak
amplitude (see Figure 1).

The ratjo is expressed as:

[IEC 60679-1: 2007, 3.2.36, modified]

3.39

temperature compensated c

TCXj

crystdl controlled osc ed by
mean$ of a com

[IEC 60679-1: 2007,

3.40

therm

oscillg cified
tempg

[IEC ¢

3.41

time deviation

TDEV

rms of filtered time interval error (TIE), where the band-pass filter is centred on a frequency of
0,42/t

3.42

time interval error

TIE

time deviation between the signal being measured and the reference clock, typically
measured in nanoseconds

3.43
tri-state output
output stage which may be enabled or disabled by the application of an input control signal


https://iecnorm.com/api/?name=13c384ba2e6638f64d130e6dbfd85294

	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	Bibliography
	Figure 1 – Characteristics of an output waveform
	Figure 2 – Example of the use of frequency offset
	Figure 3 – Typical frequency fluctuation characteristics
	Figure 4 – Clock signal with phase jitter



