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INTERNATIONAL ELECTROTECHNICAL COMMISSION
QUARTZ CRYSTAL CONTROLLED OSCILLATORS
OF ASSESSED QUALITY -

Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for st
all national electrotechnical committees (IEC National Committees). The obje

this end and in addition to other activities, IEC publishes International Standards \ni e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a € mittee interested
in the subject dealt with may participate in this preparatory woftk. e ; and
non- governmental orgamzatlons Ilalsmg with the IEC also part|0|p i i S ation.\JEC collaborates

by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

possible, an international
as representation from all

3) IEC Publications have the form of recom

4)

5) Independent certification bodies provide conformity

marks of conformity. IEC is not responsible for any

6)

7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and

the publication, use of, or reliance upon, this IEC Publication or any other IEC

8) ormative references cited in this publication. Use of the referenced publications is

9) to the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE€_shall ot be held responsible for identifying any or all such patent rights.

International Standard IEC 60679-1 has been prepared by IEC technical committee 49:
Piezoelectric and dielectric devices for frequency control and selection.

This third edition cancels and replaces the second edition published in 1997 and its
Amendments 1 (2002) and 2 (2003) and constitutes a technical revision. It represents a step
in a revision of all parts of the IEC 60679 series to include the test requirements of the IECQ
system. This edition is based on the relevant standards of that system.

This bilingual version (2011-08) replaces the English version.

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

FDIS Report on voting
49/769/FDIS 49/776/RVD
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Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The French version of this standard has not been voted upon.

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

A list of all parts of the IEC 60679 series, published under the general title Quartz crystal
controlled oscillators of assessed quality, can be found on the IEC website.

The committee has decided that the contents of this publication will remai
the stability date indicated on the IEC web site under "http://webstore
related to the specific publication. At this date, the publication will be

n_unchanged until
v in the data

* reconfirmed,
* withdrawn,
» replaced by a revised edition, or

@@
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QUARTZ CRYSTAL CONTROLLED OSCILLATORS
OF ASSESSED QUALITY -

Part 1: Generic specification

1 Scope

This part of IEC 60679 specifies the methods of test and general requirements for quartz
crystal controlled oscillators of assessed quality using either capa approval or
qualification approval procedures.

2 Normative references

devices for frequency control and selection

IEC 60068-1:1988, Environmental testing —%1: Geheral and guidance
Amendment 1 (1992)

IEC 60068-2-1, Enviro ests — Tests A: Cold
IEC 60068-2-2, @ 7 ing — Rart 2: Tests — Tests B: Dry heat
IEC 60068-2-6, tal te g/— Part 2: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-
steady sta

IEC 60068-2- ironmental testing — Part 2-10: Tests — Test J and guidance: Mould
growth

IEC 60068-2-13, Environmental testing — Part 2: Tests — Test M: Low air pressure

IEC 60068-2-14, Environmental testing — Part 2: Tests — Test N: Change of temperature
IEC 60068-2-17, Environmental testing — Part 2: Tests — Test Q: Sealing

IEC 60068-2-20, Environmental testing — Part 2: Tests — Test T: Soldering

IEC 60068-2-21, Environmental testing — Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices

IEC 60068-2-27, Environmental testing — Part 2: Tests — Test Ea and guidance: Shock

IEC 60068-2-29, Environmental testing — Part 2: Tests — Test Eb and guidance: Buflpcuments

Document Sharing Hub
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IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test dB: Damp heat, cyclic (12h +
12 h cycle)

IEC 60068-2-32, Environmental testing — Part 2: Tests — Test Ed: Free fall

IEC 60068-2-45, Environmental testing — Part 2: Tests — Test XA and guidance: Immersion in
cleaning solvents

IEC 60068-2-52, Environmental testing — Part 2: Tests — Test Kb: Salt mist, cyclic (sodium
chloride solution)

IEC 60068-2-58, Environmental testing — Part 2-58: Tests — Test Td; t methods for
solderability, resistance to dissolution of metallization and to solde 2
mounting devices (SMD)

IEC 60068-2-64, Environmental testing — Part 2: Test met
broad-band random (digital control) and guidance

IEC 60679-5, Quartz crystal controlled o

ﬁo

IEC 61000-4-2, Electromagn
techniques - Electrostatic dis

ISO 1000, S/ units
units

and recommendations for the use of their multiples and of certain other

ITU-T G.810, Definitions and terminology for synchronization networks
ITU-T G.811: Timing characteristics of primary reference clocks

ITU-T G.812, Timing requirements of slave clocks suitable for use as node clocks in
synchronization networks

ITU-T G.813, Timing characteristics of SDH equipment slave clocks (SEC)

ITU-T G.825, The control of jitter and wander within digital networks which are based on the
synchronous digital hierarchy (SDH)

1 “DB” refers to the IEC on-line database. Documents
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ANSI T1.101, Synchronization Interface Standard

ANSI T1.105.03, Synchronous Optical Network (SONET) — Jitter and Wander at Network
Equipment Interfaces

ETSI EN 300 462 (all parts), Transmission and Multiplexing (TM); Generic requirements for
synchronization networks

Telcordia GR-253, Synchronous Optical Network (SONET) Transport Systems: Common
Generic Criteria

e Order of precedence

Where any discrepancies occur for any reason, documents shall ra oltewing order of

precedence:

— detail specification;
— sectional specification;
— generic specification;

— any other international documents (for example

3.1 General

Units, graphical symbo
from the following stand

inology shall, wherever possible, be taken

IEC 60027
IEC 60050-561
IEC 60469-1

For the purposes of this document, the following definitions apply.

3.21

simple packaged crystal oscillator

SPXO

crystal controlled oscillator having no means of temperature control or compensation,
exhibiting a frequency/temperature characteristic determined substantially by the piezoelectric
resonator employed

[IEV 561-04-01]

3.2.2

overtone crystal controlled oscillator

oscillator designed to operate with the controlling piezoelectric resonator functioning in a
specified mechanical overtone order of vibration

[IEV 561-04-02]
Documents
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3.2.3
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.

3.24

voltage controlled crystal oscillator

VCXO

crystal controlled oscillator, the frequency of which can be deviated or modulated according to
a specified relation, by application of a control voltage

[IEV 561-04-03]

3.2.5

temperature compensated crystal oscillator
TCXO

crystal controlled oscillator whose frequency deviation d
means of a compensation system, incorporated in the devi

reduced by

[IEV 561-04-04]

3.2.6

oven controlled crystal oscillator

ocxo

crystal controlled oscillator in which piezoeteCtric resonator is temperature
controlled

[IEV 561-04-05]

NOTE This mode of openati
operating temperature rang

the crystal unit.
3.2.7 3

nominal frequenc)
frequency used tq ide 3 gontrolled oscillator

3.2.8

maximum permissible\deviation of the oscillator frequency from a specified nominal value
when operating undef specified conditions

[IEV 561-04-07]

NOTE Frequency tolerances are often assigned separately to specified ambient effects, namely electrical,
mechanical and environmental. When this approach is used, it is necessary to define the values of other operating
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.

Documents
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3.2.9

frequency offset

frequency difference, positive or negative, which should be added to the specified nominal
frequency of the oscillator, when adjusting the oscillator frequency under a particular set of
operating conditions in order to minimize its deviation from nominal frequency over the
specified range of operating conditions

[IEV 561-04-08]

EXAMPLE In order to minimize the frequency deviation from nominal over the entire temperature range, a
frequency offset may be specified for adjustment at the reference temperature (see Figure 1).

! F(T) with offset =AF4 at 25
]
A

~. Nominahfrequehcy

\

Frequency
AN

-20°C s 70 °C Operating temperature

3
=
o]
3
c AF1q
[9]
3
g
T O
_AF,I /
%
-20°C \/ 25°C 70 °Cc Operating temperature
during adjustment
IEC 445/07
Figure 1 — Example of the use of frequency offset
3.2.10

adjustment frequency

frequency to which an oscillator must be adjusted, under a particular combination of operating
conditions, in order to meet the frequency tolerance specification over the specified range of
operating conditions, i.e. adjustment frequency = nominal frequency + frequency offset

[IEV 561-04-09]

3.2.11
frequency adjustment range
range over which the oscillator frequency may be varied by means of some variable element,

for the purpose of: Documents
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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.

[IEV 561-04-10]

3.2.12

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

3.2.13

operating temperature range
range of temperature over which the oscillator will function, maintaining.| cy and other
output signal characteristics within specified tolerances

[IEV 561-04-11]

3.2.14

operable temperature range
range of temperature over which the oscillator will
though not necessarily within the specified tolerances

ontinue-to “providevan output signal,
evely waveform, etc.

[IEV 561-04-12]

3.2.15
reference temperature

25°C+2°C
3.2.16

3.2.17

thermal transientfre y stability

oscillator frequengy ti ponse_when ambient temperature is changed from one specific
temperature 16 ano it pecific rate

3.2.18

stabilization

[IEV 561-04-13]

3.2.19

frequency/voltage coefficient

fractional change in output frequency resulting from an incremental change in supply voltage,
other parameters remaining unchanged

[IEV 561-04-14]

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.

3.2.20
frequency/load coefficient
fractional change in output frequency resulting from an incremental change in electrical load
impedance, other parameters remaining unchanged
Documents

Document Sharing Hub

Full document details: IEC 60679-12007


http://www.avadocuments.com/doc/iec-60679-1-2007
http://www.avadocuments.com/doc/iec-60679-1-2007

60679-1 © IEC:2007 -13 -

[IEV 561-04-15]

3.2.21

long-term frequency stability (frequency ageing)

relationship between oscillator frequency and time. This long-term frequency drift is caused
by secular changes in the crystal unit and/or other elements of the oscillator circuit, and
should be expressed as fractional change in mean frequency per specified time interval.

3.2.22
short-term frequency stability
random fluctuations of the frequency of an oscillator over short periods of time

[IEV 561-04-16]

3.2.23

Allan variance of fractional frequency fluctuation

unbiased estimate of the preferred definition in the time domain_o erim” stability
characteristic of the oscillator output frequency:

1 M, -Y)
2 ~ k+l i)
O T)=
s (@ M—1Zk:l

where

Y, are the average fractional frequency. fluctuati ntially, with no systematic

dead time between measurement
v is the sample time over which measurem
M is the number of measurements.
The confidence of the estima

3.2.24

r.m.s. fractional frequeney

measure in the tj i » requency stability of an oscillator, based on the
statistical proper ) ‘ quericy measurements, each representing an average
of the frequency over tt ifi ampling interval . The preferred measure of fractional

frequency fluctua
1

M-1 ) 2 ) %
‘ {mZ(Y -7) } =[0,2(0)]

3.2.25
phase noise
frequency-domain “"me€asure of the short-term frequency stability of an oscillator, normally
expressed as the power spectral density of the phase fluctuations, S¢(f), where the phase
fluctuation function is ¢(t)=2n Ft-2nFyt. The spectral density of phase fluctuation can be
directly related to the spectral density of frequency fluctuation by

S,(f) =(§) S,(f) rad2/Mz

F is the oscillator frequency;
F, is the average oscillator frequency;
f is the Fourier frequency.
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3.2.26

spectral purity

measure of frequency stability in the frequency domain usually represented as the signal side
noise power spectrum expressed in decibels relative to total signal power, per hertz
bandwidth. It includes non-deterministic noise power, harmonic distortion components and
spurious single frequency interferences

3.2.27

incidental frequency modulation
optional measure of frequency stability in the frequency domain, best described in terms of
the spectrum of the resultant base-band signal obtained by applying the oscillator signal to an
ideal discriminator circuit of specified characteristics. If the detection bandwidth is adequately
specified, the incidental frequency modulation may be expressed as a fragtional proportion of
the output frequency (for example 2x10-8 r.m.s. in a 10 kHz band)

3.2.28

amplitude modulation distortion

non-linear distortion in which the relative magnitudes of the ents of the
modulating signal waveform are modified. It is also commo equency distortion,

amplitude distortion and amplitude/ frequency distortion

3.2.29
linearity of frequency modulation deviation
C as compared to an ideal
(straight line) function, usually expréssed\as. an allowa inearity in per cent of the
specified full range deviation. Modulation linearity ¢ o _Be expressed in terms of the
' by the modulation device (for example,
exceed —40 dB relative to the total

intermediation and harmonic distortion pr
typical modulated oscillator specified to have a

%S
, with an allowed non-linearity of + 5 %. Curve D is

e.4) and the limits (curves B and C).

modulation characteristic of
the actual characteristic co

400 +

200

Center frequency

Frequency fluctuation Hz

-200 + \

B
—400 4+ S
T T T T T T T 2
-3 2 —1 0 1 2 3
VOItage M IEC 446/07
Figure 2 — Typical frequency fluctuation characteristics
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3.2.30

harmonic distortion

non-linear distortion characterized by the generation of undesired spectral components
harmonically related to the desired signal frequency. Each harmonic component is usually
expressed as a power ratio (in decibels) relative to the output power of the desired signal

3.2.31

spurious oscillations

discrete frequency spectral components, non-harmonically related to the desired output
frequency, appearing at the output terminal of an oscillator. These components may appear
as symmetrical sidebands or as signal spectral components, depending upon the mode of
generation. Spurious components in the output spectrum are usually expressed as a power
ratio (in decibels) with respect to the output signal power

3.2.32
pulse duration
duration between pulse start time and pulse stop time (see Figu

[IEC 60469-1, definition 3.3.2]

3.2.33
rise time
time interval required for the leading edge of &

avero

10 % to 90 % of its maximum
ification (see Figure 3)

m@tci change between two defined

ic levels Vg and Vg or 90 % to 10 % of its maximum
amplitude (7, ) 9 er ratio as defined in the detail specification (see Figure 3)

tri-state outp
output stage whic be enabled or disabled by the application of an input control signal. In
the disable mode, the output impedance of the gate is set to a high level permitting the
application of test signals to following stages

3.2.36

symmetry (mark/space ratio or duty cycle)

ratio between the time (¢;), in which the output voltage is above a specified level, and the time
(z,), in which the output voltage is below the specified level, in percent of the duration of the
full signal period. The specified level may be the arithmetic mean between levels 75 and Vgy,
or 50 % of the peak-to-peak amplitude (see Figure 3).
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Pulse duration (#1) Pulse duration (¢2)
(mark) S (space) S
/
Vhi
Von upper limit 90 %
Arithmetic mean
9 of limit
I
o
>

VoL Lower limit 10 %

Mo &
L . Time
Rise time Decay time
IEC 447/07

Figure 3 — Charac

A4
N
v

The ratio is expressed as:

3.2.37
retrace characteristi

ability of an oscillator\to retur
frequency, follo eriod i

3.2.38
start-up time

The signal envetepe is 90 % of the steady-state peak-to-peak amplitude (see Figure 20).
b) Pulse waveforms

The output pulse sequence is periodical near the steady-state frequency while its low level
VLo remains below V5 and its high level V', exceeds Vg permanently, where Vo4 and
VoL are defined by the applicable logic family.

Precaution
The output signal may show spurious oscillations prior to the appearance of the steady-state
signal.

3.2.39

phase jitter

short-term variation of the zero crossings of the oscillator output signal from their ideal
position in time. The phase variation Ag with frequency components greater than or equal to
10 Hz. Variations slower than 10 Hz are called “wander”. Excessive jitter can increase the bit
error rate (BER) of a communication signal by incorrectly transmitting a data-stream and can

cause synchronization problems Documents
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The corresponding variation of the period length
AT = Apl(27 f;)

is called “period jitter” (£, is the clock frequency).

Tref

rd

A\

Trigger-point

7/
N N\ ﬁ

Peak-to-peak
jitter

IEG,_ 448/0

Key
Tiet. is the period of an ideal reference signal.

Figure 4 — Clock signal with pha
e data bit-width (e.g.

ute time variation (in
s the peak-to-peak value,

The jitter amplitude is usually referred to the Uni
Ul = 6,43 ns for 155,52 Mbit/s for STM-1/0C-3

NRZ-signal
peak peak p

peak-to-peak

1 M+ pebk

v

Time
— peak
\

Observation time

Jitter amplitud

RSO

N\
:, Clock

‘ Period ‘

<>

IEC 449/07

Figure 5 — Phase jitter measures

For random type jitter the r.m.s. value is defined as the standard deviation o (sigma) of the
underlying Gaussian distribution. The peak-to-peak jitter is then the range covered by 70 (i.e.
+3,50), according to a confidence level of 99,95348 % (i.e. 465 x 107 tail).
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4

IEC 450/07

Figure 6 — Gaussian distribution of jitt

Ideal NRZ-signal

Jitter amplitude

IEC 451/07

non-random spectral ‘components due to periodical change of the duty cycle. This causes a
non-Gaussian distribution, i.e. the 7o-rule for peak-to-peak values no longer applies. In such
cases, only peak-to-peak values are meaningful. However, the determination of peak-to-peak
values depends upon observation time. The recommended observation time for peak-to-peak
jitter is 1 min. Longer times required when higher confidence is needed (i.e. when a larger
range of o is used to define peak-to-peak random jitter).

For the characterization of jitter, it is important to define the considered Fourier frequency
range, i.e. the frequency components of the jitter itself. This is defined by the application (see
standards ITU-T G.825, ANSI T1.105.03, Telcordia GR-253 and ETSI EN 300462).
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Maximum jitter tolerance

Ulpp Ulpp A

622 156 39

15 15 15 15 A3

1,5 1,5 1,5

1,5 1,5 1,5 1,5 A2

0,15 0,15 0,15 A1

0,15 0,15 0,15 0,15 | | R

I T rd
fo f f2 f3 fa Jitter

'T‘ frequency f
0OC-1 e 30 Hz 300 Hz 2 kHz 25}’K'FIZ\ 400 kHz

STM 19,3 Hz | 500 Hz | 6,5 kHz |65 kHz
0C-3 |——> | 30Hz | 300Hz | 6,5kHz{ 65kHz\| 1

STM-4 9.65Hz | 1kHz | 25kHz |\2 kl-§\

0C-12 30Hz | 300 Hz | 25kH 50

STM-16 12,1 Hz | 5 kHz._| 100 kHZ ]\ 1 2|20 MHz
o)

0C-48 600 Hz 100 kiz.| 1M z |7 20 MHz

3 MHz
MHz

mg/

Z

IEC  452/07

—  MTIE Maximum Time kterval Error{pe
— TDEV Time deviati

TIE is defined {? iati e tw the signal being measured and the reference
clock, typically m rechi \

MTIE is a meas at cf ises frequency offsets. MTIE(z) is defined as the largest
peak-to-peak

samples for es h point ti"by the standard deviation o(xi) (see note)

NOTE For more detai refer to standards ITU-T G.810 to G.813, or ANSI T1.101 and T1.105.03, Telcordia
GR-253 and ETSI EN 300462

3.3 Preferred values for ratings and characteristics

Values should be preferably chosen from the following paragraphs, unless otherwise stated in
the detail specification.

3.3.1 Climatic category (40/085/56)

For requirements where the operating temperature range of the quartz crystal controlled
oscillator is greater than —40 °C to +85 °C, a climatic category consistent with the operating
temperature range shall be specified.

3.3.2 Bump severity

(4 000 + 10) bumps at 400 m/s? peak acceleration in each direction along threﬁ mutually
perpendicular axes (see 5.6.6). Pulse duration: 6 ms. ocuments
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3.3.3 Vibration severity

Sinusoidal

10 Hz to 55 Hz 30 min in each of three mutually

0,75 mm displacement amplitude perpendicular axes at 1 octave/min
(see 5.6.7)

(peak value)

55 Hz to 500 kHz

or

55 Hz to 2 000 Hz

100 m/s2 acceleration amplitude

(peak value)

10 Hz to 55 Hz

1,5 mm displacement amplitude
(peak value)

55 Hz to 2 000 Hz

200 m/s2 acceleration amplitude
(peak value)

Random & “

(19,2 m/s2)2/Hz between Hé\( -30vmin in each of three mutually
and 2 000 Hz perpendicular axes at 1 octave/min
196 m/s? accele@ (see 5.6.7)
or
(48 m/s?)2/Hz betwe s

io

and 2 000 H
314 m/s? \
3.3.4 Shomty

1 000 m/s2 peak acceleration for 6 ms duration; three shocks in each direction along three
mutually perpendicular axes (see 5.6.8), half-sine pulse, unless otherwise stated in the detail
specification.

3.3.5 Leak rate

10~1 Pa cm3/s (106 bar cm3/s)

10—3 Pa cm3/s (10~8 bar cm?3/s)
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3.4 Marking

3.4.1 The quartz crystal controlled oscillator shall be clearly and durably marked (see 5.6.21)
with items a) to g) below, and with as many of the remaining items as considered necessary:

Q

type designation as defined in the detail specification;

=}

nominal frequency in kilohertz or megahertz;

o O

mark of conformity (unless a certificate of conformity is used);

D

)
)
) year and week of manufacture;
)
)

factory identification code;

f) manufacturer's name or trade mark;
g) terminal identification;

h) designation of electrical connections;

j) power supply voltage and polarity (if applicable);

k) serial number (if applicable).

Where the available surface area of miniature quartz

quality. They are qualif
4.1 Primary sti;

b) for oscillators_incorporating an unencapsulated crystal unit:

— the final surfa
oscillator.

ce finishing of the crystal element in addition to the assembly of the

NOTE The final surface finishing of the crystal element could be any of the following operations: lapping;
polishing; etching; cleaning, in the case of polished plates.

4.2 Structurally similar components
The grouping of structurally similar crystal controlled oscillators for the purpose of

qualification approval, capability approval and quality conformance inspection shall be
prescribed in the relevant sectional specification.
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4.3 Subcontracting

These procedures shall be in accordance with Annex B to Clause 2 of IEC QC 001002-3.

There shall be no subcontracting after the assembly of the crystal to the electronic circuit,
except in the case of sealed crystal units, where the sealing of the final enclosure of the
oscillator may be permitted.

4.4 Incorporated components

Where the final component contains components of a kind covered by a generic specification
in the IEC series, these shall be produced using the normal IEC release procedures.

— sufficient goods inward inspection procedure
performance of the final product.

4.5 Manufacturer’s approval

To obtain manufacturer's approval the m ac
IEC QC 001002.

4.6 Approval procedures
4.6.1 General

To qualify a quartz
approval procedures

IEC QC 001002-3.

a) capability qualifying components (CQCs)

A detail specification shall be prepared for each CQC as agreed with the NSI. It shall
identify the purpose of the CQC and include all relevant stress levels and test limits;

b) standard catalogue items

When a component covered by the capability approval procedure is intended to be offered
as a standard catalogue item, a detail specification complying with the blank detail
specification shall be written. Such specifications shall be registered by the IECQ;

c) custom built quartz controlled oscillators

The contents of the detail specification shall be by agreement between the manufacturer
and the customer in accordance with 6.6.1 of IEC QC 001002-3.

Further information on detail specifications is contained in the sectional specification
IEC 60679-4.
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The product and capability qualifying components (CQCs) are tested in combination and
approval given to a manufacturing facility on the basis of validated design rules, processes
and quality control procedures. Further information is given in 4.7 and in the sectional
specification IEC 60679-4.

4.6.3 Qualification approval

Qualification approval is appropriate for components manufactured to a standard design and
established production process and conforming to a published detail specification.

The program of tests defined in the detail specification for the appropriate assessment and
severity revel applies directly to the quartz crystal controlled oscillator to be qualified, as
prescribed in 4.8 and the sectional specification IEC 60679-5.

4.7 Procedures for capability approval

4.7.1 General

The procedures for capability approval shall be in accordan QC001002-3.

4.7.2 Eligibility for capability approval
4.7.3 Application for capability approva
4.7.4 Granting of capability approva

Capability appro g
IEC QC 001002-

4.7.5 Capability

The contents’o e capab

| manual shall be in accordance with the requirements of the
sectional specification

The NSI sha : pability manual as a confidential document. The manufacturer may,
if he so wishes, disclose part or all of it to a third party.

4.8 Procedures for qualification approval
4.8.1 General

The procedures for qualification approval shall be in accordance with IEC QC 001002-3.

4.8.2 Eligibility for qualification approval

The manufacturer shall comply with the requirements of 3.1.1 of IEC QC 001002-3 and the
primary stage of manufacture as defined in 4.1 of this generic specification.

4.8.3 Application for qualification approval

In order to obtain qualification approval the manufacturer shall apply the procedures given in
3.1.3 of IEC QC 001002-3.
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4.8.4 Granting of qualification approval

Qualification approval shall be granted when the procedures in accordance with 3.1.5 of
IEC QC 001002-3 have been successfully completed.

4.8.5 Quality conformance inspection

The blank detail specification associated with the sectional specification shall prescribe the
test schedule for quality conformance inspection.

4.9 Test procedures

The test procedures to be used shall be selected from this generic
required test is not included, then it shall be defined in the detail specifica

pecification. If any

4.10 Screening requirements

Where screening is required by the customer for quartz crystal Q , this shall

be specified in the detail specification.

4.11 Rework and repair work

4.11.1 Rework

sectional specification. The sectional s
number of occasions that rework may take

manufacturer's production and may not be released under the IECQ system.

4.12 Certified test records

The requirements of Annex B of IEC QC 001002-2 shall apply. When certified test records
(CTR) are prescribed in the sectional specification for qualification approval and are
requested by the customer, the results of the specified tests shall be summarized.

4.13 Validity of release

Quartz crystal controlled oscillators held for a period exceeding two years following
acceptance inspection shall be reinspected for the electrical tests detailed in 5.5.4 and 5.5.17,
prior to release.

4.14 Release for delivery

Quartz crystal controlled oscillators shall be released in accordance with 4.3 of

IEC QC 001002-3. Documents
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4.15 Unchecked parameters

Only those parameters of a component which have been specified in a detail specification and
which were subject to testing, can be assumed to be within the specified limits. It should not
be assumed that any parameter not specified will remain unchanged from one component to
another. Should it be necessary for further parameters to be controlled, then a new, more
extensive, detail specification should be used. The additional test method(s) shall be fully
described and appropriate limits, AQLs and inspection levels specified.

5 Test and measurement procedures

5.1 General

The test and measurement procedures shall be carried out in accorda A e relevant
detail specification.

5.2 Test and measurement conditions
5.2.1 Standard conditions for testing

Unless otherwise specified, all tests shall be carri ] standard atmospheric

Temperature 15 °C to
Relative humidity 25 % to 7
Air pressure 86 kPa to 40 a_ (& wbar to 1060 mbar)

In case of dispute, the refer,

Temperature

Relative humidity

Air pressure Q

measuring temperat
reach thermal equili

report.

5.2.2 Equilibrium’ conditions

All electrical tests shall be conducted under equilibrium conditions, unless otherwise
specified.

When test conditions cause a significant change with time of the characteristic being
measured, means of compensation for such effects shall be specified, for example the period
of time that the oscillator shall be maintained at specified test conditions before making a
measurement.

5.2.3 Air flow conditions for temperature tests

When devices are to be measured at temperatures other than 25 °C + 2 °C, they shall be
subjected to adequate forced air circulation to ensure close temperature control.
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If heat loss due to forced air circulation affects the performance of the oscillator, still air
conditions shall be simulated by enclosing the oscillator in a draught shield consisting of a
thermally conducting box, having internal dimensions so that a 20 mm + 5 mm clearance is
maintained from all surfaces. The temperature at which measurements should be taken under
these conditions is the reference point temperature on the surface of the draught shield.

If a draught shield is necessary, it shall be used for both high and low temperature tests.

5.2.4 Power supplies

DC power sources used in the testing of crystal controlled oscillators shall not have a ripple
content large enough to effect the desired accuracy of measurement; a.c. power sources shall
be transient free. When the ripple and/or the transient content of the POWer sources are
critical to the measurement being performed, their effects shall be fullyd in the detail
specification.

5.2.5 Precision of measurement

The limits given in the detail specification are true values. S i curacies shall be
taken into account when evaluating the results. Pr he taken to reduce
measurement errors to a minimum.

5.2.6 Precautions
5.2.6.1 Measurements

tests are the preferred circuits. Due
aIIowance shall be made for any Ioalng i es where the measuring apparatus

5.2.6.2

Where the comp
prevent damage
IEC 61000-4-2).

Ostatic sensitive, precautions shall be taken to
harge both before, during, and after test (see

5.2.7
Measurery rably’be carried out using the methods specified. Any other method
giving egquivate y be used, except in case of dispute

NOTE “Equivalent”
specified limits when

means_that the value of the characteristic established by such other methods falls within the
neasdred by the specified method.

5.3 Visual inspection

Unless otherwise specified, external visual examination shall be performed under normal
factory lighting and visual conditions.

5.3.1 Visual test A

The quartz crystal controlled oscillator shall be visually examined to ensure that the condition,
workmanship and finish are satisfactory. The marking shall be legible.

5.3.2 Visual test B

The quartz crystal controlled oscillator shall be visually examined under x10 magnification.
There shall be no cracks in the glass or damage to the terminations. Minute flaking around the
further edge of a meniscus shall not be considered a crack.
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5.3.3 Visual test C

The quartz crystal controlled oscillator shall be visually examined. There shall be no corrosion
or other deterioration likely to impair satisfactory operation. The marking shall be legible.

5.4 Dimensions and gauging procedures
5.4.1 Dimensions — Test A

The dimensions, spacing, and alignment of the terminations shall be checked and shall
comply with the specified values.

5.4.2 Dimensions — Test B

The dimensions shall be measured and shall comply with the specified

5.5 Electrical test procedures

5.5.1 Insulation resistance

applied to the specified test points using the test
current shall be measured. It shall be less than the

After the test, measur%@&iﬂ

Power supply > Oscillator

V vo eter\
A amme

IEC 453/07
Figure 9a — Voltage-current method

Ohmmeter Oscillator

IEC 454/07
Figure 9b — Ohmmeter method

Figure 9 — Test circuits for insulation resistance measurements
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5.5.2 Voltage proof
The specified voltage shall be applied only across the designated terminals, using the test
circuit shown in Figure 10, after any specified preconditioning procedures have been applied.

The source resistance and maximum permissible current flow shall be stated in the detail
specification.

There shall be no arcing or other evidence of electrical breakdown.

After the test, measurements shall be made to ensure that the oscillator is still functional.

SOUFCG resistance

Y ! NN

&

Voltage source
IEC 455/07

Figure 10 — Test circuit for voltag t
5.5.3 Input power
5.5.3.1 Oscillator input power
The oscillator shall be connected to the p nd specified load as shown in Figure
11. The specified voltag appli ed to stabilize for the specified time.
Measurements of the voltag ade at the reference temperature, unless

otherwise stated in the
measurements.

input power shall be calculated using these

Power.supply

AN

\ IEC 456/07
Figure 11 — Test circuit for oscillator input power measurement

5.5.3.2 Oven and oscillator input power

Oscillator Load

The oscillator shall be connected to the test circuit (see note to Figure 12) and placed in the
environmental chamber as shown in Figure 12. The load and supply voltage(s) shall be as
specified in the detail specification. Where the input power to the oscillator will be affected by
forced air circulation, still air conditions shall be simulated by enclosing the oscillator in a
draught shield, as described in 5.2.3. Readings of voltage and current shall be taken at the
specified temperatures as stated in the detail specification (usually at the minimum and
maximum of the operating temperature range, as well as at the reference temperature).

The temperature will normally be taken as the reference point temperature on the surface of
the draught shield, when used. If peak power is specified, the transient values of voltage and
current shall be measured when the environmental chamber is adjusted to each of the
specified temperatures. In this case, it may be necessary to attach a recording meter to the
ammeter and/or voltmeter, so as to measure adequately the transient values.
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The oscillator and oven shall be allowed to reach thermal equilibrium at the operating
temperature, while unenergized, prior to any measurement of peak power. Should peak power
be required, the environmental chamber shall have a thermal time constant significantly less
than that of the oven-oscillator combination being measured.

The input power is calculated using the measured values of voltage and current.

Environmental chamber

RF power supply a
° | RF circuit )(( Load
@ z Oven circuits /\

Oven power supply

IEC 457/07

5.5.3.3 Oven input power

To measure the oven input power onl e described in 5.5.3.2 shall be used,
except that the power supply to th i

5.5.4 Output freque

Output frequency’meas
to the accuracy spegifj

frequency standard against an internationally recognized standard;

— for accurate measurements, it is essential that great care be taken to ensure that
environmental conditions do not influence the results.

Method 1 — Measurement for accuracies less than or equal to 1 x 10-8

The oscillator shall be connected, as shown in Figure 13, to the specified supply voltage and
load. It shall be allowed to stabilize for the specified time under normal operating conditions.

The frequency shall then be measured on the frequency counter. The frequency may be
determined either by direct frequency measurement or by period averageing. The time period
of measurement will normally lie in the range of 0,1 s to 10 s. Period averageing will generally
be used for the measurement of frequencies less than 5 MHz.
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Power supply Oscillator Load

Frequency Frequency
counter standard

IEC 458/07

Figure 13 — Test circuit for measurement of output freque
Method 2 — Measurement for accuracies greater than 1 x 10-8

voltage and
load. It shall be allowed to stabilize for the specified time under nermal opera ing conditions.

_ ik
commensurate with the required accuracy. The/time iII normally be in the range of

better than 1 x 10-8 within 10 s.

Alternative methods include the use(of a_higt
multiplier. It is also possible to use \a s of_phase comparison against a frequency

synthesizer which is driv cy'standard; for accuracies of 1 x 1010 or better.

SRS

Oscillator, ® Load

Power supply

\> Frequency Frequency
multiplier | counter

Frequency

standard

IEC 459/07

Figure 14 — Test circuit for measurement of output frequency, method 2

5.5.5 Frequency/temperature characteristics
5.5.5.1 Frequency at specified temperature(s)

The unenergized oscillator shall be placed in the environmental chamber and connected to
the specified load using the test circuit shown in Figure 15. The specified supply voltage shall
then be applied to the oscillator.
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Where the input power to the oscillator will be affected by forced air circulation, still air
conditions shall be simulated by enclosing the oscillator in a draught shield as described in
5.2.3.

The chamber shall be allowed to stabilize at the specified temperature and, when the
oscillator has reached equilibrium (see 5.2.2), measurements of the frequency shall be made
using the appropriate measurement method given in 5.5.4.

Power supply Oscillator oad

N

Environmental
chamber ®

PN
Temperature W%e

sencer t7(\
\J

IEC 460/07

Figure 15 — Test circuit for measu equencyl/temperature characteristics

. to stabilize at a temperature extreme and, when the oscillator
has reached ilori see 5.2.2), the frequency and temperature shall be recorded using
the appropriate f easurement method given in 5.5.4.

The test chamber temperature shall be changed in incremental steps of 1,5 °C, ensuring that
equilibrium is reached after each temperature step, or changed at a rate of 0,5 °C/min to the
other extreme of temperature, unless otherwise specified in the detail specification.

Recordings of the frequency and temperature shall be made during the test.

If it is required by the detail specification to determine the reproducibility of the frequency/
temperature characteristics, the frequencies shall be recorded with temperature changes in
both directions.

NOTE In some applications, it may be required to determine the reproducibility of the frequency/temperature
characteristics as the temperature is first increased from minimum to maximum, then decreased from maximum to

minimum. Differences in the characteristics obtained during increasing and decreasing temperatures are called
retrace errors, or hysteresis, and are of particular importance when testing TCXO devices.
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5.5.6 Frequency/load coefficient

Using a frequency measuring system as described in 5.5.4, measurements of the oscillator
output frequency shall be made for the specified nominal load, minimum load and maximum
load, all other operating parameters being maintained constant at their specified values. The
load values shall then be calculated taking into account the effect of the measuring equipment
connected to the output of the oscillator, which shall be included in the total load value.

5.5.7 Frequency/voltage coefficient

Using a frequency measuring system as described in 5.5.4, and maintaining all other
operating parameters at their specified values, measurement of the oscillator frequency shall

change and temperature change similar to that in Figure 16, from
time and the overshoot may be determined.

5.5.8.1 The overshoot of the transient excursion shall be specified in fractional parts of the
nominal frequency (e.g. overshoot shall not exceed 2 x 10 ~7):

— Frhax— Fi
AFOS_ m;x final

nomi
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Temperature
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Ffinal
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. 7z
f Time

IEC 461/07

t3 = time for frequency to reach 110 % of the ste recovery form overshoot (in the case

where overshoot is greater than 10 %)

of typical oscillator

5.5.8.2 Unless otherwises ifi i esponse time is the time interval between
the instant the freque the overall change and the instant the

frequency has attige O the change) of its final frequency.
There are two possib

The purpose is to determine the reliable start-up of the oscillation amplitude and to measure

the start-up time.
Figure 17 depicts the generalized oscillator circuit.
The start-up characteristics of a real crystal oscillator depend on the following major factors.

Oscillator stage:

— noise factor of the active device;
— open loop gain (or excess negative resistance) of the oscillation sustaining stage;
— amplitude limiting of the active circuit;
— loaded Q (or effective bandwidth of the resonator);
— drive level dependency of the crystal resonance resistance.
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Output stage:

— analog sinusoidal output;

— logic output.

Internal power lines:

— blocking capacitors;

— voltage regulators.

Supply voltage:

— rise time, soak time, off time;
— output impedance.

Sustaining circuit

—34 —
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Inoise Rout + jXout

Rin + jXin

Power
supply

5.5.9.1 Start-u

ehaviour

R4 L4 C4

IEC 462/07

Figure 17 — Generalized oscillator circuit

In order to determine whether the oscillation starts up reliably, the oscillator shall be
connected to the test circuit for start-up behaviour shown in Figure 18.

The oscillator shall be connected to a programmable power supply. The r.f. output signal and
the supply voltage are registered by an oscilloscope, the time scale of which is suitably set to
display the whole start-up interval.

The supply voltage ramps linearly from zero to the nominal operating voltage. The ramp time
!ramp IS chosen to be at least 100 to 1 000 times the specified or expected start-up time of the

oscillator.

The oscillator shall show a regular and repeatable start-up behaviour within the time interval
of the supply voltage ramp, as shown in Figure 19.

e Specified conditions

Full document details: IEC 60679-12007
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The following test conditions shall be stated in the detail specification:

5.5.9.2

power supply voltage;

load details;
start-up time;

in case of VCXO, d.c. control voltage.

Programmable
power supply

Oscillator

L Load

Yy Vertical inp

Y2

¥y

framp

%

IEC 464/07

ical start-up behaviour with slow supply voltage ramp

In order to measure the start-up time of oscillation tg, under specified conditions, the
oscillator shall be connected to a programmable power supply (see Figure 18).

The r.f. output signal and the supply voltage shall be registered by an oscilloscope, the time
scale of which is suitably set to display the whole start-up interval.

The supply voltage ramps up linearly from zero to the nominal operating voltage. The ramp
time t,,, is chosen to be less than one tenth of the specified or expected start-up time of the
oscillator.

The start-up time tg; is measured as the difference between the starting point of the d.c.
ramp and the time when the r.f. output signal fulfils certain conditions which are given below:

a) quasi-sinusoidal waveforms

Full document details: IEC 60679-12007
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the signal envelope is 90 % of the steady-state peak-to-peak amplitude, unless otherwise
specified;

b) pulse waveforms

the output pulse sequence is periodical near the steady-state frequency while its low level
Vi o remains below V5 and its high level V', exceeds Vg permanently, where Vo4 and
VoL are defined by the applicable logic family.

e Precaution

Logic output may show spurious oscillations prior to the appearance of the steady-state
signal.

NOTE Make sure that the internal blocking capacitors of the oscillator are discharged e the start of the

measurement.

An example is given in Figure 20.

ramp as above;
thota 11 100 zgy;

Loff minimum length shall be chosen so tha

e Precaution

The power supp@%
ramp at the oscillato

— power supplywoltage;
— load details;
— start-up time;

— in the case of VCXO: d.c. control voltage.
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Figure 20 — Definition of start-up ti

N

Voltage

Time

IEC 466/07

frequency regi e recording meter as a function of time. The stabilization time z
shall be the time_ taken for the oscillator output frequency to remain within a specified
tolerance of its long=term value determined after a specified elapsed time (see Figure 22).
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Output

frequency Long-term value

of output frequency Frequency
tolerance

5.5.11

If the oscillator “is_stored (during period #,) elsewhere than in the environmental chamber,
adequate time shall“be allowed for the oscillator to settle to the temperature specified for
frequency measurement before any measurement of frequency takes place; this stabilization
time (in an unenergized condition) should be taken as a part of the storage period f,.

NOTE Provision is made for a separate specification of measurement temperature as, although the temperatures
may be the same, the tolerance of the storage temperature may be considerably greater than that of the
measurement temperature.
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N Long-term value
Output of output frequency
frequency
Frequency
tolerance
/]
\
< i S 2 S s
7 < —>
N
Time
IEC “468/07

Figure 23 — Example of retrace characteris

5.5.13 Oscillator output voltage (sinusoidal)

The oscillator shall be connected, as shown in Figure 3 i pply voltage and
load. It shall be allowed to stabilize for the specified ' im e output voltage shall
be measured across the load, and shall remain withi ifi its over the range of
any frequency adjustment specified. formed at the reference

P \)
s cillator Load

RF voltmeter
or oscilloscope

IEC 469/07

Figure 24 — Test circuit for the measurement of output voltage

5.5.14 Oscillator output voltage (pulse waveform)

The oscillator shall be connected, as shown in Figure 25, with the specified load (see Annex A
for details of load circuits for logic drive).
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Power

supply Oscillator Load

Oscilloscope
with d.c. input

IEC 470/07

Figure 25 — Test circuit for the measurement of pulse outputs

The high and low level output voltages (see Figure 3) shall be measured o scilloscope,

5.5.15 Oscillator output waveform (sinusoidal)

The oscillator shall be connected to the specified load, as

Figure 27, and typical frequency spectrwa& n\in
Power @ Load
supply b \\\

Spectrum

analyzer

operating

IEC 471/07

e 26 circuit for harmonic distortion measurement

IEC 472/07

Figure 27a — Symmetrical

Vo-p

IEC 473/07

Figure 27b — Large odd harmonic content Documents
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Y

2] ‘ t
'~ 7

Figure 27c — Large even harmonic content

Vo-p

IEC 474/07

Figure 27 — Quasi-sinusoidal output waveforms

%

fo 2fo 3 0
G IEC 475/07
Figure 28a < Ideal spectrum
N

3

dy ds

N )
o~

3% 4fo 50

IEC 476/07

— Spectrum showing severe harmonic distortion

igure 28 — Frequency spectrum for harmonic distortion

The spectra on the spectrum analyzer shall be measured, usually directly in decibels, as a
power ratio with respect to the carrier power, expressed in decibels or, alternatively, the
percentage distortion of the harmonic shall be calculated as follows:

where
D, is the percentage of harmonic distortion;
d is the difference in level of fundamental and harmonic (in decibels) as measured on the

spectrum analyzer;
X is the harmonic number.
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When using this test method it shall be necessary to observe the following precautions:

— care shall be taken to ensure that the distortion is not produced in the input mixer of the
spectrum analyzer;

— non-linear distortion (having the appearance of harmonic distortion) will be produced if the
input mixer is over-loaded. This may be checked by placing an attenuator between the
oscillator and the spectrum analyzer, and taking measurements at various power levels.
The attenuator setting should not affect the percentage of harmonic distortion.

NOTE The total harmonic distortion may be obtained from a summation of the individual harmonically related
responses.

dy ds dy -1/2

Digtal =100{1010 +1010 4 4+10 10

5.5.16 Oscillator output waveform (pulse)

The oscillator shall be connected, as shown in Figure 25, a
Annex A for details of load circuits for logic drive).

spe d load (see

5.5.16.1 Rise and decay times (see 3.2.33 and 3.2734)

guaranteed, for example,
. or at the 10 % and 90 %

decay times are measured. Unless otherwise specified, measurements shall be made at the
midpoint between V5 max. and Vg min. or at the 50 % level.

5.5.16.3 Symmetry (see 3.2.36)

When specified the symmetry of the waveform from the oscillator shall be determined when
the rise and decay times are measured. Unless otherwise specified, measurements shall be
made at the midpoint between V5 max. and Vg min. or at the 50 % level.

5.5.17 Oscillator output power (sinusoidal)

The test procedure shall be carried out as for 5.5.13, output voltage. The output power shall
be calculated from the r.m.s. output voltage and the load impedance or, alternatively, it may
be read directly from an appropriate power meter. In the case of quasi-sinusoidal waveforms,
the measurement of output power shall always be performed by a direct-reading power meter

or by means of a true r.m.s. reading voltmeter.
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5.5.18 Oscillator output impedance (sinusoidal)

The oscillator shall be connected, as shown in Figure 24, except that the load shall be a
precision (+1 % non-reactive) resistor R, equal to the specified load minus 10 %. The
oscillator shall be energized and allowed to stabilize for the specified period of time after
which the output voltage V| shall be measured. The load shall then be replaced with a
precision (£1 % non-reactive) resistor Ry, equal to the specified load plus 10 % and the output
voltage ¥, measured. The output impedance shall be calculated using the expression:

7 RByy =1
VLRH - VHRL

NOTE This method is only valid if the output impedance of the oscillator is resistive, and-itmis_not accurate when

the output resistance is considerably lower than the load impedance.

5.5.19 Re-entrant isolation

The oscillator shall be connected to the test circuit, as shown in Fi 29. s/between

ingMhe spectrum

analyzer (or selective voltmeter), the output level of this signal ured at the port
to which the signal is not being applied (or at the spegifiedhport int of oscillators with
multiple ports). The shorting link shall then be remoy, put level again measured.

The ratio of the two signals measured rting’link (usually expressed in
decibels) is the re-entrant isolation b at that frequency. This ratio

— the loads presented the\ oscillater\are “a’combination of the output impedance of the
signal generator, the i i C c pectrum analyzer (or selective voltmeter)

— care shall (@ overloading of the spectrum analyzer (or selective
voltmeter), as\thi i limiting and an apparent reduction in re-entrant
isolation;

— if isolation is < | a frequency which is a harmonic of the oscillator, then a

pessimist : ant isolation will be obtained. However, if the harmonic level is
considerably low t olation to be measured, a usable result can still be achieved.
Wheye content of the output signal is high, it is necessary to disable the
oscillatar ( use the device to cease oscillation while still remaining energized)
before me
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Signal

generator |
_I—0—> Load 1
Port 1 O—

Oscillator

Port 2 O—

Power
supply

Load 2

Spectrum
analyzer

5.5.20 Output suppression of gated oscillators

The oscillator shall be connected to the test circuit,
carried out as follows.

The specified signal necessary to gate.the ON

revent>o
eduction in outpu

Care shall be ta to
limiting and an a e uppression.

Amplitude
modulated Load

Suppl oscillator
\ T
Gating Spectrum
voltage analyzer

Figure 30 — Test circuit for measuring suppression of gated oscillators

IEC 478/07

5.5.21 Tri-state output characteristics
5.5.21.1 Tri-state disable mode output current

This test is used to determine the short-circuit output current drawn from an oscillator with a
tri-state output when held in the disable mode.

The oscillator shall be connected as shown in Figure 31. With the enable/disable pin
connected to the appropriate d.c. level via switch 1, that is to the specified supply voltage for
oscillators designed for enable low, or to earth for those designed for enable high, the power
to the oscillator shall be applied.
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The enable/disable voltage levels shall be as specified in the detail specification. However,
care shall be taken to ensure that the voltages applied to the enable/disable pin and the
output pin cannot exceed the voltage applied to the oscillator.

The oscillator output is then switched, by switch 2, in turn between the supply voltage and
earth, and the output current at each setting measured.

The maximum permissible output current in the disable mode, as specified in the detail
specification, shall not be exceeded.

oo SupPly
‘ voltage
Power Osscillator
supply
SWi1 -

IEC 479/07

Figure 31 — Test circuit for ate able mode output current

disable modes, the oscil S he ¢ € as shown in Figure 32. The value of R shall
be chosen so th i ) armed by R and the oscilloscope input capacitance shall
not affect the m *

transition, together with the trigger transition, the gating time between the trigger transition
and the time when the oscillator output stabilizes to the reference voltage shall be measured.
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Power i Ref
Oscillator elerence
supply — voltage V
O 2
Oscilloscope
Latched o
; switch . ¥y
Enable/disable Enable/disable
input trigger
IEC 480/07
where

V= (VOH — VOL) + VOL
2 is the reference voltage;

VoL is the oscillator low level output voltage;
Von is the oscillator high level output voltage.

Figure 32 — Test circuit for output ga

5.5.22 Amplitude modulation characteristics

5.5.22.1 Amplitude modulation ind

Test A
This test procedure shall be used for a greater than 0,1 and less than 1,0.
The oscillator shall be conn d toad, as shown in Figure 33, and the

s of x and y (see Figure 34) on the

specified modulating
(m) calculated from the expression:

waveform shall be take

y+x

ated in the detail specification and the percentage
method of measurement shall not be used when m is less
measurement accuracy.

N\
Amplitude
Po
suppl; = modulated — Load
oscillator

Oscilloscope

Modulating signal

IEC 481/07

Figure 33 — Test circuit for modulation index measurement
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IEC 482/07

Figure 34 — Modulation waveform for index calculation

NOTE 1 The accuracy for this method is unaffected by the presence of frequency modula

NOTE 2 This method is valid for non-sinusoidal waveforms.

Test B

The test procedure shall be used for a modulation index less. tha

233, except that the
andwidth sufficiently

shall be adjusted to present a display of\the/frequency|sp ur/in the region of the output
frequency of the oscillator, using a logari ic'si ' scale (see Figure 35).

fo

Jm

Jo—/m

Jot/m is the upper sideband signal frequency;

d is the difference between the oscillator output signal frequency (f;) level and the

level of either of the sideband signals, in decibels.

Figure 35 — Logarithmic signal amplitude scale
The modulation index (m) shall be calculated using the expression:

6-d
m=10 20 (m <0,1)

where d is the difference between the oscillator output signal frequency (f,) level and the level
of either of the sideband signals, in decibels.

The modulation index shall be as stated in the detail specification.
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Care shall be taken to prevent overloading of the spectrum analyzer, causing signal limiting.
This may be checked by placing an attenuator between the oscillator and the spectrum
analyzer, and taking measurements at various power levels; the attenuator setting should not
affect the value of 4 obtained.

NOTE 1 This method cannot readily be used if significant resultant frequency modulation is present (see 5.5.22.7),

usually causing the two sideband signals to be unequal in amplitude. The effect of the resultant f.m. on the

spectrum analyzer display may be reduced by choosing a high modulating signal frequency (frequency modulation
1

index foc—).

fm

NOTE 2 This method cannot readily be used if the modulation waveform is non-sinusoidal, whether because of
harmonic content in the modulating signal or because of a.m. non-linear distortion (see 5.5.22.3).

5.5.22.2 Amplitude modulation sensitivity

In general, the amplitude modulation sensitivity i
peak-to-peak voltage of the modulating signal
specification.

5.5.22.3 Amplitude modulation distortion (no ari
The oscillator shall be cofnec Ioa as shown in Figure 36, except that the

oscilloscope shall be repl um analyzer having an i.f. bandwidth sufficiently
narrow to provide adequate discrim at| etween the oscillator output and its sideband
signals.

A sinusoidal modu;a i the\spercified frequency, and at a level such as to modulate

the oscillator to t ifi ation index, shall be applied to the external modulation
terminal of the oscilla e y
frequency spe ~ of the output frequency of the oscillator (see Figure 37).

The secd armonic distortion is usually expressed as d,, d3, etc. decibels, but
may also bee ed as 03 percentage distortion for each individual harmonic.

1020
The distortion shall be within the limits stated in the detail specification.

When carrying out this test, the following precautions shall be observed:

— care shall be taken to prevent overloading of the spectrum analyzer, causing an apparent
increase in modulation distortion. This may be checked by connecting an attenuator
between the oscillator and the spectrum analyzer, and taking measurements at various
power levels.
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