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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 94 

____________ 95 

 96 

PIEZOELECTRIC, DIELECTRIC AND ELECTROSTATIC OSCILLATORS OF 97 

ASSESSED QUALITY 98 

 99 

Part 2: Guidelines for the use of oscillators 100 

 101 

FOREWORD 102 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 103 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 104 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 105 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 106 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their 107 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 108 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 109 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 110 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 111 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 112 
consensus of opinion on the relevant subjects since each technical committee has representation from all 113 
interested IEC National Committees.  114 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 115 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 116 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 117 
misinterpretation by any end user. 118 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 119 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 120 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 121 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 122 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 123 
services carried out by independent certification bodies. 124 

6) All users should ensure that they have the latest edition of this publication. 125 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 126 
members of its technical committees and IEC National Committees for any personal injury, property damage or 127 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 128 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  129 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 130 
indispensable for the correct application of this publication. 131 

9) IEC draw attention to the possibility that the implementation of this document may involve the use of (a) patent(s). 132 
IEC take no position concerning the evidence, validity or applicability of any claimed patent rights in respect 133 
thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which may 134 
be required to implement this document. However, implementers are cautioned that this may not represent the 135 
latest information, which may be obtained from the patent database available at https://patents.iec.ch [and/or] 136 
www.iso.org/patents. IEC shall not be held responsible for identifying any or all such patent rights. 137 

I IEC 60679-2 has been prepared by IEC technical committee 49: Piezoelectric, dielectric and 138 
electrostatic devices and associated materials for frequency control, selection and detection.  139 

This second edition cancels and replaces the first edition published in 1981. This edition 140 
constitutes a technical revision.  141 

This edition includes the following significant technical changes with respect to the previous 142 
edition: 143 

a) Some new contents that reflect the latest manufacturing technologies; 144 

b) Added contents about the operating principle of crystal oscillators; 145 

c) Added contents about usage precautions for crystal oscillators. 146 

The text of this International Standard is based on the following documents: 147 
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Draft Report on voting 

XX/XX/FDIS XX/XX/RVD 

 148 
Full information on the voting for its approval can be found in the report on voting indicated in 149 
the above table. 150 

The language used for the development of this International Standard is English. 151 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 152 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 153 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 154 
described in greater detail at www.iec.ch/publications. 155 

The committee has decided that the contents of this document will remain unchanged until the 156 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 157 
specific document. At this date, the document will be  158 

• reconfirmed, 159 

• withdrawn, 160 

• replaced by a revised edition, or 161 

• amended.  162 

 163 
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INTRODUCTION 164 

Crystal controlled oscillators are commonly used to provide the stable frequencies required for 165 
telecommunications, navigations and data processing systems. Depending upon the frequency 166 
of operation, ambient conditions and specific oscillator design, crystal oscillators are capable 167 
of providing frequency stability varying from 1x10-4 to 1x 10-10.                                                        168 

The specification and/or description of the performance characteristics of crystal oscillators has 169 
remained a source of misunderstanding and dissatisfaction for both manufacturer and user. 170 

This guide describes the general properties, performance characteristics and usage 171 
precautions for crystal oscillators.  172 
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PIEZOELECTRIC, DIELECTRIC AND ELECTROSTATIC OSCILLATORS OF 173 

ASSESSED QUALITY 174 

 175 

Part 2: Guidelines for the use of oscillators   176 

 177 

 178 

 179 

1. Scope 180 

This part of IEC 60679 describes the general properties, performance characteristics and usage 181 
precautions for quartz crystal oscillators. This content mainly describes crystal oscillators, but 182 
some descriptions also apply to oscillators other than crystal units (e.g. MEMS resonators). 183 

2. Normative references 184 

The following documents are referred to in the text in such a way that some or all of their content 185 
constitutes requirements of this document. For dated references, only the edition cited applies. 186 
For undated references, the latest edition of the referenced document (including any 187 
amendments) applies. 188 

IEC 60027 (all parts). Letter symbols to be used in electrical technology. 189 

IEC 60050-561, International electrotechnical vocabulary – Part 561 Piezoelectric, dielectric 190 
and electrostatic devices and associated materials for frequency control, selection and 191 
detection. Available at www.electropedia.org 192 

IEC 60679-1, Piezoelectric, dielectric, and electrostatic oscillators of assessed quality – Part 1: 193 
Generic specification 194 

IEC 62884-1, Measurement technologies of piezoelectric, dielectric and electrostatic oscillators 195 
– Part 1: Basic methods for the measurement 196 

IEC 62884-2, Measurement technologies of piezoelectric, dielectric and electrostatic oscillators 197 
– Part 2: Phase jitter measurement method 198 

IEC 62884-3, Measurement technologies of piezoelectric, dielectric and electrostatic oscillators 199 
– Part 3: Frequency Aging test methods  200 

IEC 62884-4, Measurement technologies of piezoelectric, dielectric and electrostatic oscillators 201 
– Part 4: Short-term frequency stability test methods 202 

3. Terms and definitions 203 

For the purposes of this document, the terms and definitions given in IEC 60679-1 and the 204 
following apply. 205 

ISO and IEC maintain terminology databases for use in standardization at the following 206 
addresses:  207 

• IEC Electropedia: available at https://www.electropedia.org/ 208 

• ISO Online browsing platform: available at https://www.iso.org/obp 209 

 210 

4. Oscillating principle of crystal oscillators 211 

The operating principle of crystal oscillators is easier to understand when compared with that 212 
of a pendulum. To maintain the swing of a pendulum, the position and time point of maximum 213 
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amplitude of the pendulum should be detected, and the operation of pushing the pendulum back 214 
should be repeated so that the time point and position are maintained. The pendulum 215 
corresponds to a crystal unit which comprises an amplifier with a feedback circuit that provides 216 
the detection and push-back force (See Figure 1). 217 

A typical feedback amplifier (Colpitts circuit) is shown in Figure 2, where the signals at both 218 
terminals of the crystal unit are divided at capacitors CA, CB , one connected to the input side 219 
and the other to the output side. It can be considered that the "detection" in the case of the 220 
pendulum is on the input side of the feedback amplifier and the "push-back force" is given on 221 
the output side. Here, AR  and BR  are bleeder resistance to provide a fixed bias to the base 222 

terminal of the oscillation transistor, ER  is negative feedback resistance connected to the emitter 223 

and CR  is load resistance connected to the collector. 224 

Next, in the state of oscillation, as shown in Figure 3, the oscillator circuit side which is viewed 225 
from the crystal unit terminals can be represented by a series circuit of equivalent input 226 
capacitance iC and equivalent input resistance iR . In this case, the crystal unit side is 227 

equivalently an inductive effective inductance eL and an effective resistance eR  and the crystal 228 

oscillation conditions are as follows: 229 

 Frequency condition ......  e
i

1 0L
C

ω
ω

− =   230 

 Amplitude condition ...... e iR ,R≤   ( iR  : negative resistance) 231 

The frequency condition determines the oscillation frequency. For the amplitude condition, 232 
equivalent input resistance on the circuit side shall be negative value in the vicinity of the 233 
oscillation frequency and at the small signal on the start-up, then this is called negative 234 
resistance. This negative resistance can be obtained with active circuits such as transistors and 235 
operational amplifiers. The absolute value of the negative resistance iR  shall be designed to 236 

be sufficiently larger than eR  in order to ensure oscillation at the start-up of the oscillator, 237 

meaning that e iR R=  in the steady-state following the end of the start-up and the oscillation 238 

becomes the steady-state amplitude. 239 

          240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

Figure 1 – Swinging pendulum motion  248 
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 249 

Figure 1 – Colpitts oscillator circuit 250 

 251 

Figure 3 – Equivalent circuit of a Colpitts oscillation circuit  252 

 253 

The circuit side capacitance iC  is called the load capacitance ( )LC   with respect to the unit and 254 

is an important parameter that determines the frequency change amount from the series 255 
resonance frequency, variable sensitivity and frequency stability, etc. The relational equation 256 
is as follows: 257 

Fractional load resonance frequency offset (DL) 
L

0

1

2 1 Cr
C

=
 
+ 

 

   258 

Pulling sensitivity (S) 2
L

0
0

1

2 1 CrC
C

−
=

 
+ 

 

 259 

Where 260 

 0C  : Shunt capacitance of the crystal unit, 261 

 1C  : Motional capacitance of the crystal unit, 262 

 LC  : Load capacitance ( iC  on the circuit side), 263 

  r   : Capacitance ratio of the crystal unit  ( 0 1C C ). 264 

 265 

 266 

CB 

CA 
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5. Classification of crystal oscillators 267 

5.1 General 268 

In very general terms, a crystal oscillator may be described as consisting of an amplifier or gain 269 
circuit, together with a positive feedback network. A typical oscillation circuit is shown in Figure 270 
4. 271 

 272 

Figure 4 – Basic diagram of a crystal oscillator 273 

 274 

Self-oscillation of such a circuit will occur provided the loop gain exceeds unity at some 275 
frequency for which the total loop phase is 2nπ (n = 0, 1, 2...). The level of the oscillation signal 276 
will depend on circuit gain characteristics, while the oscillation frequency will be determined by 277 
phase considerations. The output signal spectrum will depend upon the level of oscillation, 278 
electrical noise from circuit elements and the bandwidths of the circuits. Generally, the spectral 279 
width is extremely small and, for a majority of applications, only the center or average frequency 280 
behaviour need to be considered. Disregarding for the moment the degradation of a signal purity 281 
by electrical noise, the average frequency of oscillation will always be determined by the loop 282 
phase requirement. Frequency deviations will result whenever any perturbation of loop phase 283 
occurs. These perturbations may be generally considered to be of two types, namely: 284 

deviations in electrical circuit parameters. 285 

deviations in the crystal unit 286 

Type a) deviations include such factors as the temperature coefficients of capacitors, inductors, 287 
resistors and transistors; the ageing of these devices; their voltage and current characteristics 288 
and their susceptibility to mechanical disturbance. Whatever the cause, a phase perturbation 289 
( N∆φ ) in the circuit transfer phase will cause a change in the average oscillation frequency: 290 

N
0

X2
f f

Q
∆φ

∆ =   291 

where 0f  is the nominal oscillation frequency and XQ  is the effective Q  of the narrowband 292 

crystal network.  293 

Type b) deviations include changes in crystal unit characteristics caused by temperature, 294 
temperature gradient, drive level, "frequency ageing" and mechanical environment (shock, 295 
acceleration and vibration). The crystal oscillation circuit is generally designed to use a gain 296 
circuit having a band as broad as practicable, in order to reduce the network phase sensitivity 297 
as much as possible. The crystal feedback network, on the other hand, is usually designed to 298 
have a transmission band as narrow as can be obtained so as to make the oscillation frequency 299 
depend essentially only upon the crystal unit characteristics. When frequency adjustment is 300 
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