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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DISCRETE SEMICONDUCTOR DEVICES
AND INTEGRATED CIRCUITS -

Part 5-3: Optoelectronic devices —
Measuring methods

FOREWORD

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

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

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

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

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

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

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

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

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

International Standard IEC 60747-5-3 has been prepared by subcommittee 47C:
Optoelectronic, display and imaging devices, of IEC technical committee 47: Semiconductor
devices.

This consolidated version of IEC 60747-5-3 consists of the first edition (1997) [documents
47C/173/FDIS and 47C/186/RVD] and its amendment 1 (2002) [documents 47E/210/FDIS and
47E/215/RVD].

The technical content is therefore identical to the base edition and its amendment and has
been prepared for user convenience.

It bears the edition number 1.1.

A vertical line in the margin shows where the base publication has been rBdified

b
amendment 1. Ocurﬁents
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It should be read jointly with IEC 60747-1, IEC 62007-1 and IEC 62007-2.
Annex A is for information only.

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the maintenance result date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date,
the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

« amended.
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DISCRETE SEMICONDUCTOR DEVICES
AND INTEGRATED CIRCUITS -

Part 5-3: Optoelectronic devices —
Measuring methods

1 Scope

This part of IEC 60747 describes the measuring methods applicable to the optoelectronic
devices which are not intended to be used in the fibre optic systems or subsystems.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

IEC 60068-1:1988, Environmental testing — Part 1. General and guidance

IEC 60270:1981, Partial discharge measurements

3 Measuring methods for photoemitters

3.1 Luminous intensity of light-emitting diodes (/)

a) Purpose

To measure the luminous intensity of semiconductor light-emitting diodes.

The method can be applied to three possible measurement variants:
Variant 1

Rotation of the diode around its mechanical axis for an accurate location of the minimum
and/or maximum value.

Variant 2
Alignment of the diode optical axis with that of the optical bench.

Variant 3

Positioning according to a reference corresponding to the type of the diode envelope and
allowing a reproducible mechanical orientation.
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b) Circuit diagram

CEl 102791

Figure 1

c) Circuit description and requirements

G = current source

D = light-emitting diode being measured

PD = photodetector including the diaphragm D, of area A

D,, D; = Diaphragms intended to suppress parasitic radiations. D, and D4 shall not limit
the solid angle

d = distance between the diode being measured and D,.

The spectral sensitivity of the photometer shall be adjusted to the CIE (International
Commission on lllumination) standard observers curve in the wavelength region of the light
emitted by the diode. The photometer shall be calibrated in candelas at the distance d, with
diaphragm D, in place.

The distance d shall be such that the solid angle viewed by the light source at the
diaphragm D, (= A/d?) is less than 0,01 sr.

For pulse measurements, the current generator should provide current pulses of the
required amplitude, duration and repetition rate. The photodetector should have a rise time
sufficiently small in comparison with the pulse duration; it should be a peak-reading
instrument.

d) Measurement procedure

The diode being measured is positioned according to the variant chosen.

The specified current is applied and the luminous intensity is measured on the photodetector.

e) Specified conditions
— Ambient temperature and, where appropriate, the atmospheric conditions.
— Forward current in the diode and, where applicable, duration and repetition rate.
— Variant: 1, 2 or 3.

3.2 Radiant intensity of infrared-emitting diodes (/,)

a) Purpose
To measure the radiant intensity of semiconductor infrared-emitting diodes.
The method can apply to three possible measurement variants:
Variant 1
Rotation of the diode around its mechanical axis for an accurate location of the minimum

and/or maximum value. Documents
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Variant 2

Alignment of the diode optical axis with that of the optical bench.

Variant 3

Positioning according to a reference corresponding to the type of the diode envelope and
allowing a reproducible mechanical orientation.

b) Circuit diagram

77 | ad -
CEI 102891
Figure 2
c) Circuit description and requirements
G = current source
D = infrared-emitting diode being measured
RM = radiometer including the diaphragm D, of area A
D,, D3 = diaphragms intended to suppress parasitic radiations. D, and D5 shall not limit

the solid angle
d = distance between the diode being measured and D,.

The radiant intensity /, in the direction of the case axis should be measured by a
wavelength-independent detector (for example, a thermocouple element) and the
radiometer shall be calibrated in W/sr at the distance d with diaphragm D, in place.

The distance d shall be such that the solid angle viewed by the infrared source at the
diaphragm D, (= A/d?) is less than 0,01 sr.

For pulse measurements, the current generator shall provide current pulses of the required
amplitude, duration and repetition rate. The radiometer shall have a rise time sufficiently
small in comparison with the pulse duration; it shall be a peak-reading instrument.

d) Measurement procedure
The diode being measured is positioned according to the variant chosen.
The specified current is applied to the diode and the radiant intensity is measured on the
radiometer.

e) Specified conditions
— Ambient temperature and, where appropriate, the atmospheric conditions.
— Forward current in the diode and, where applicable, duration and repetition rate.
— Variant: 1, 2 or 3.
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3.3 Peak-emission wavelength (Xp) spectral radiation bandwidth (AA)
and number of longitudinal modes (n,,)

a) Purpose

To measure the peak-emission wavelength and the spectral radiation bandwidth of emitting
devices and to determine the number of longitudinal modes of laser diodes.

b) Circuit diagram

——e -

% lMIH
I

G D ;Z RM
Ds Dz D1
L CEI 1030191
Figure 3 — Basic circuit
c) Circuit description and requirements
D = device being measured
L = focusing lens systems
G = generator (pulsed or d.c.)
M = monochromator
D,, D; = diaphragms intended to suppress parasitic radiations, where appropriate.
RM = radiometer (including diaphragm D).

The wavelength resolution and the bandwidth of the monochromator shall be such that the
measurement is carried out with adequate accuracy.

The spectral response of the radiometer shall be calibrated. For convenience of
measurement, the peak of the curve may represent 100 %.
d) Precautions to be observed

If the transmission factor of the monochromator and the radiometer sensitivity are not
constant over the required range of wavelength, the recorded values should be corrected.

For measurement of the laser diode, radiant power reflected into the laser diode shall be
minimized to ensure that the spectral response is not significantly affected.
e) Measurement procedure

1) Peak emission wavelength and spectral radiation bandwidth of a light-emitting diode, or
an infrared-emitting diode, or a single-mode laser diode

The specified current is applied to the device being measured.

The wavelength of the monochromator is adjusted within the required range until the
maximum reading on the radiometer has been achieved. The wavelength corresponding
to this peak value is recorded. This is the peak-emission wavelength (1) (see Figure 4).
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The wavelength of the monochromator is then adjusted on either side of [Ip until the
maximum reading is halved. These two wavelengths (A; and A, on Figure 4) are
recorded. Their difference is the spectral radiation bandwidth of the infrared-emitting or
light-emitting device (see Figure 4).

Radiant power 4
100 %
50 %
0 >
M }‘p Ay Wavelength
Spectral radiation
bandwidth IEC 1031191

Figure 4 — Radiant power as function of wavelength

2) Peak-emission wavelength, spectral radiation bandwidth and number of longitudinal
modes of a multimode laser diode

2.1) Peak-emission wavelength of a multimode laser diode

A current corresponding to the specified optical power output is applied to the device
being measured.

The wavelength of the monochromator is adjusted within the required range until the
highest of the various maxima is indicated.

The wavelength corresponding to this value is recorded. This is the peak-emission
wavelength (kp) (see Figure 5).

2.2) Spectral radiation bandwidth of a multimode laser diode

The monochromator is set to a long wavelength and then adjusted progressively to
shorter wavelengths. Record the first wavelength at which the specified percentage of
the highest reading recorded under e) 2.1) is obtained or exceeded. The
monochromator is set to a short wavelength and thus adjusted progressively to longer
wavelengths. Record the first wavelength at which the specified percentage of the
highest reading recorded under e) 2.1) is obtained or exceeded. The difference
between the two recorded values is the spectral radiation bandwidth of the laser diode
(AL) (see Figure 5).

2.3) Number of longitudinal modes of a multimode laser diode

The spectral radiation bandwidth as in e) 2.2) above is measured and then the number
of modes (n,,) within that bandwidth including the two modes that define the limit of the
bandwidth is counted (see Figure 5).
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100% [~— === =--------- - — -

Relative radiant
power

Specifed |- == = = ~ ~ =~ - -

[

Wavelength

X1 12 IEC 1032191

AA = spectral radiation bandwidth

Figure 5

f) Specified conditions
— For LED and IRED:

e ambient or case temperature;

o forward current (d.c. or pulse), as specified.
— For laser diodes:

e ambient, case or submount temperature;

e radiant power or forward current;

e percentage of peak emission if other than 50 %.

3.4 Emission source length and width and astigmatism of a laser diode without pigtail

a) Purpose

To measure the emission source size on the facet of the laser diode with respect to a
defined axis and the astigmatism of the optical beam emitted from the laser diode.

b) Measuring equipment

LS
L
. BS
D
G @ _— ___SZ_/./{/ - & - - - /.—_ -—f 8D
% ol d2 -
I CEl 1039191
Figure 6
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c) Equipment description and requirements

G = current source

D = device being measured

L = lens system

SD = scanning photodetector with a narrow slit

LS = light source with filter or LED the emission wavelength of which is close to that of
the device being measured

BS = beam splitter

dp >> dy

d) Precautions to be observed

The lens system L shall be substantially achromatic over the range of wavelengths
encompassed by the light source LS and the device D.

e) Measurement procedure

Emission source size

The light source LS is turned on and the lens system L adjusted to obtain a focused image
of the front face of the device D on the photodetector SD. Distances d; and d, are then
read.

The specified d.c. current or the d.c. current corresponding to the specified radiant power
¢ is applied to the device being measured D.

The scanning direction of the photodetector SD is aligned with the major and minor axes of
the focused image.

The photodetector SD is scanned along the major and the minor axes. The length and width
of the emission source are given by the distance between the 3 dB power points along the
major and minor axes multiplied by d4/d,.

Astigmatism dp

The light source LS is turned on and the lens system L adjusted to obtain a focused image
of the front facet of the device D on the photodetector SD. Distances d, and d, are read.

The scanning direction of the photodetectors align with SD the major and the minor axes of
the focused image.

The lens system L is moved along the optical axis toward the device D until the emission
source length along the major axis is minimized.

The distance dj traversed by the lens system L is measured.

The lens system is returned to the original position. The procedure is repeated for the minor
axis. The distance d, traversed by the lens system L is measured.

The difference between d5 and d,, multiplied by (1 — d4?/d,?), is the astigmatism.

f) Specified conditions
— Ambient, case or submount temperature.
— Direct forward current or radiant power.
— Reference axes (major and minor axes).
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3.5 Half-intensity angle and misalignment angle of a photoemitter

a) Purpose
To measure the spatial distribution of the radiation from a photoemitter.

z |

-

D;
\
~

¢
CEl 104291

Axes X and Y define a mechanical reference plane of the device being measured D, e.g. the mounting angle.

The angle ¢ defines the orientation of the device D in that plane.

Figure 7

The half intensity angle is the angle within which the luminous or radiant intensity is greater
than or equal to half of the maximum intensity. This angle is 6,,, defined for a specified
plane which in turn is defined by o.

The misalignment angle A is the angle between the optical and mechanical axes.

Optical axis — y

=

Mechanical axis (z)

/ 1IEC 104391

Figure 8
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b) Diagram
The basic optical arrangement and definition is shown in the following figure:

D
Axis PD
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Figure 9

c) Measurement description and requirements

D = device being measured

PD =  photodetector

Axis Z = defined mechanical axis of the device being measured
Axis PD = axis of photodetector

® = inclinaison angle of axis Z to axis PD

NOTE The solid angle, defined by the device being measured and the aperture of the photodiode, shall be small.
The solid angle is considered small if the measurement result does not change significantly when the solid angle is
halved.

The device being measured D shall be mounted in a fixture which allows:

— precise, reproducible positioning of the device D;

— changes to the angle 6, keeping the centre of the optical port of the device D fixed;
— measurement of the angle of inclinaison 6;

— rotation of the device D around its Z axis;

— measurement of the angle of rotation about the X axis.

d) Precautions to be observed

Under consideration.

e) Measurement procedure
The specified current is applied to the device being measured D.

The mechanical axis of the device D is aligned along the axis of the photodetector, i.e.
0 = 0, and measure the signal on the photodetector.

This value is set at Iy = 100 %.
The device D is inclinated and the relative intensity I/lO versus 6 is plotted.

The preferred plot will be in polar diagram form. Other formats e.g. cartesian may be used
when defined in the blank detail specification.

The half intensity angle 84, is the angle between the two points at which I =1, ,,/>.
The misalignment angle is the angle between the directions corresponding to /5, and /.
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f) Specified conditions
— Ambient, case or submount temperature.
- Ig or 0.
— Mechanical reference plane.

- Angle o.

4 Measuring methods for photosensitive devices

4.1 Reverse current under optical radiation of photodiodes including devices with
or without pigtails (/g or Ig()) and collector current under optical radiation
of phototransistors (Ig(y) or Ig(c))

a) Purpose

To measure the reverse current under optical radiation of photodiodes including devices
with or without pigtails and the collector current under optical radiation of phototransistors.

b) Measuring equipment
One of the four following variants shall be used:
Variant 1

Rotation of the device around its mechanical axis for an accurate location of the maximum
value.

Variant 2
Alignment of the device optical axis with that of the optical bench.
Variant 3

Positioning according to a reference specified for the type of device envelope, to obtain a
reproducible mechanical orientation.

Variant 4
For devices with pigtails.

Alignment of the optical port of the device to receive the radiant power with focusing
means.

[lluminant DorT

Monochromator

U Optical axis
Filter (variants 1 and 2)
or mechanical axis

@ J ga;:’at?:j )port

g (variant 4)

Optional

Power supply 1EC 105291

D or T = device being measured

Figure 10
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c) Circuit diagrams
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Figure 11a — Phototransistor Figure 11b — Photodiode

d) Equipment description and requirements

The device being measured is fixed in a measuring socket that is mounted on a calibrated
optical bench (variant 1, 2, 3 or 4) or on a calibrated equipment (variant 3).

The illuminant shall be
either:

i) a standard illuminant (not monochromatic), consisting of a calibrated standard lamp,
with its regulated power supply and an ammeter;

or:
ii) a monochromatic illuminant consisting of either:

an equipment such as described in item i) above, plus an interference filter or any other
system (monochromator, etc.) having a specified or known peak-transmission
wavelength and spectral radiation bandwidth,

or:

any other calibrated device (for example a light-emitting diode or an infrared-emitting
diode), having a known peak-emission wavelength and spectral radiation bandwidth.

For fibre optic devices with pigtails:

The illuminant such as described in item ii) shall be used.

e) Precautions to be observed

— Overheating the device being measured by optical radiation from the source shall be
avoided. For levels in excess of 200 W/m2, a thermal shield arranged as a shutter to
limit the duration of exposure is recommended.

— Cleanliness of optical surfaces shall be ensured.
— Light sources shall be stabilized before being used for measurement purposes.

— When a standard illuminant is used as a light source, a diaphragm intended to suppress
parasitic radiation shall be placed in front of the device being measured.

For devices with pigtails:

Only the optical port of the device shall be irradiated.

f) Measurement procedure
The temperature conditions are set to the specified value.

The socket is placed at a distance from the illuminant corresponding to the specified
illuminance (irradiance).

The device to be measured is inserted into its socket and is biased at the specified value.

For variant 1 only, the device is rotated around its mechanical axis. Read the minimum and
the maximum values of the current under irradiation on the ammeter.

For variant 2, 3 or 4, the value of the current under optical radiation is read on the
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g) Specified conditions
— Ambient or case temperature.
— Bias of the device being measured (d.c. or pulse).
— Measuring method (variant).
— llluminance or irradiance.

— Standard illuminant (not monochromatic) or wavelength and spectral radiation
bandwidth (monochromatic).

For devices with pigtails:
— ambient or case temperature;

— bias of the device being measured;
— radiant power into the optical port;
— wavelength and spectral radiation bandwidth of the light source.

4.2 Dark current for photodiodes Iz and dark currents
for phototransistors Icgo, Iecos lEBO

a) Purpose

To measure the dark current of photodiodes and the dark currents of phototransistors,
under specified conditions.

b) Circuit diagrams

o X oo

D =5

- =0

CEl 105391 CEl 1054i91

Figure 12b — Collector-emitter dark current

Figure 12a — Dark current of a photodiode I of a phototransistor /
CEO

R R
E, -0 —C —

N + N

¥ o ¥
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CEI 105591 CEl 1056/91
Figure 12c — Emitter-collector dark current of a Figure 12d — Emitter-base dark current
phototransistor Igco of a phototransistor Iggg
Figure 12
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c) Circuit description and requirements
R = current limiting resistor

D = device being measured

d) Precautions to be observed

These parameters are very temperature-dependent and the accuracy of the measurement
largely depends on that with which the ambient temperature can be maintained. Complete
darkness is a necessary condition. Even ordinary daylight illumination of the wire feed-
through glass seals would falsify the measurement result.

The device should not be subjected to radiation within the spectral sensitivity range.

e) Measurement procedure

The temperature is set to the specified value. The device being in complete darkness, the
voltage is progressively increased from zero until the specified value is reached and then
the dark current is measured.

The test is stopped when the current reaches a specified limit.

f) Specified conditions
— Ambient temperature.
— Voltage to be applied:
Vg for Ig;
Ve for Iceo:
Vec for lgcos
Veg for Iggo-

4.3  Collector-emitter saturation voltage Vg (s, of phototransistors

a) Purpose

To measure the collector-emitter saturation voltage of phototransistors under specified
conditions.

b) Circuit diagram

oo of

D -

CEl 1057191

Figure 13

c) Circuit description and requirements

S = optical radiation source
G = collector current generator
D = device being measured
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d) Precautions to be observed

— Avoid overheating the device being measured by irradiation from the source. For levels
in excess of 200 W/m?2, a thermal shield arranged as a shutter to limit the duration of
exposure is recommended.

— Ensure cleanliness of optical surfaces.
— Optical radiation sources shall be stabilized before being used for measurement
purposes.
e) Measurement procedure
The temperature is set to the specified value.
The optical radiation source being stabilized to the specified value of E, or E,, the collector
current is adjusted to the specified value and the collector-emitter saturation voltage is
measured.
f) Specified conditions
— Ambient temperature.
— Collector current.
— llluminance or irradiance.

— Reference to standard illuminant (not monochromatic) or wavelength and spectral
bandwidth (monochromatic).

— Open base.

5 Measuring methods for photocouplers

5.1 Current transfer ratio (hg )

a) Purpose

To measure the static value of the forward current transfer ratio of photocouplers under
specified conditions.

b) Circuit diagram

<)
W
Ia
(<)
-
(»)
 d

CEl 1066191
P = photocoupleur being measured

Figure 14 — Basic circuit
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c) Circuit description and requirements

I = input current = forward current /¢ of the emitted diode

lo = output current = reverse current /g of the photodiode or collector current /- of
the phototransistor

Vo = output voltage = reverse voltage Vi of the photodiode or collector-emitter
voltage Vg of the phototransistor

Ay, A, = ammeters

Gy = current source

G, = voltage source

d) Measurement procedure

The measurement shall be performed under standard atmospheric conditions, unless
otherwise specified.

The constant current source G, is adjusted to obtain the specified input current through the
emitting diode.

The voltage source G, is adjusted to the specified value Vg or Vsg. The output current /g
or I is measured with the ammeter A,.

The current transfer ratio is calculated by the following formula:
lo
hF(ctr) = (1)
I
hence, for a photocoupler with diode output
R
hF(ctr) = (2)
¢
and, for a photocoupler with transistor output

le
hF(ctr) = /_ (3)
F

e) Precautions to be observed
If the photocoupler is sensitive to external radiation, the precautions to be taken in
measurement should be stated and observed.
f) Specified conditions
— Ambient temperature.
— Input or output current, d.c. or pulse.
— Output voltage (Vg or V).
— When appropriate, the atmospheric conditions.

5.2 Input-to-output capacitance (C;,)

a) Purpose

To measure the capacitance between the input and output terminals of a photocoupler
under specified conditions.
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b) Circuit diagram

S
H

Capacitance meter

1
—

IEC 106791

P = photocoupleur being measured
Figure 15 — Basic circuit

c) Measurement procedure
The photoemitter terminals as well as the photodetector terminals are connected together.
The capacitance between the photoemitter and the photodetector terminals is measured at
a frequency of 1 MHz (unless otherwise specified), using a suitable capacitance meter.

d) Precautions to be observed
Allowance should be made for the stray capacitance of the test fixture and the leads.

e) Specified conditions
— Ambient temperature.
— Measurement frequency, if different from 1 MHz.

5.3 Isolation resistance between input and output (r,g)

a) Purpose

To measure the isolation resistance between the input and output terminals of a
photocoupler when subjected to d.c. voltage, under specified conditions.

b) Circuit diagram

r= ONNOL

CEl 106891

P = Photocoupler being measured

G = Voltage source
Figure 16 — Basic circuit

Documents

Document Sharing Hub

Full document details: IEC 60747-5-3-2009


http://www.avadocuments.com/doc/iec-60747-5-3-2009
http://www.avadocuments.com/doc/iec-60747-5-3-2009

-22 - 60747-5-3 © IEC:1997+A1:2002

c) Precautions to be observed
Allowance should be made for the leakage current of the test fixture and the leads.

d) Measurement procedure
The photoemitter terminals, as well as the photodetector terminals, are connected together.

The specified measurement voltage between the photoemitter and photodetector
terminals is applied for 60 s. The isolation resistance is calculated as V/I.

e) Specified conditions
— Ambient temperature.
— Measurement voltage.
— Time after which the measurement is made, if different from 60 s.

5.4 Isolation test

a) Purpose

To verify the ability of the device to withstand the isolation test voltage (Vg or V|grp) under
specified conditions.

b) Circuit diagram

op=gifa

CEl 1069191

P = Photocoupler under test

G = Voltage source

Figure 17

c) Test procedure

The test should be carried out under the standard atmospheric conditions in 5.3.1 of
IEC 60068-1.

The device is inserted into the test socket. The photoemitter terminals, as well as the
photodetector terminals, are connected together.

The d.c. or a.c. test voltage is increased from zero to the specified value at a rate of about
100 V per second if the specified value is lower than or equal to 1 000 V, and at 500 V per
second if the specified value is higher than 1 000 V.

The voltage is maintained for 1 min for qualification testing and for 10 s (minimum) for
acceptance testing.

d) Requirements
External or internal flash-over shall not occur during the test.

The device shall pass the post-test measurements. Documents
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e) Specified conditions
— Isolation voltage (Vg or V|grm)-
— Test time (if different from 1 min or 10 s, respectively).
— Post-test measurements.

5.5 Partial discharges of photocouplers

a) Purpose

To verify the performance of solid insulation between input and output of a photocoupler by
measuring the partial discharge level under specified conditions.

This test is non-destructive.

NOTE For the definition of partial discharge see 3.1 of IEC 60270. For convenience this definition is repeated
hereafter:

"Partial discharge

A partial discharge, within the terms of this standard, is an electric discharge that only partially bridges the
insulation between conductors. Such discharges may, or may not, occur adjacent to a conductor.

NOTE Partial discharges in gases around a conductor are sometimes referred to as "corona". This term should not
be applied to other forms of partial discharges.

The general term "ionization" should not be used to denote the particular case of partial discharges."

b) Circuit diagram

z
X

Test voltage .=
B Y N

1EC 107091

Figure 18 — Partial discharge test circuit

c) Description of the test circuit and requirements
(see also notes A1 to A3).
1) Test circuit
The circuit consists mainly of:

C, = photocoupler under test which can be regarded as a capacitance
Cx = coupling capacitor bypassing partial discharge current
Z.,, = measuring circuit consisting of the measuring impedance, the connecting lead,

the surge limiting device and the measuring instrument
PD = partial discharge measuring instrument

Z = alow-pass filter to reduce interference from the source
(see also note A1)
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2) Equipment characteristics

The peak value of the test voltage shall be measured. An r.m.s. reading instrument may
be used provided the distortion of the sinewave of the test voltage is less than 5 %.

The bandwidth of the partial discharge measuring equipment shall be less than
15 kHz.

The centre frequency shall be between 150 kHz and 2 MHz.

The resonance frequency of the test circuit shall be at least three times the centre
frequency used (see also note A2).
3) Coupling capacitor

The coupling capacitor shall be of a low-inductance design and the coupling capacitor
shall not exhibit any partial discharges at the test voltage.

d) Test procedure
1) Calibration
1.1) General

Calibration involves two separate procedures: one is a complete determination of the
characteristics of the measuring instrument itself including a detailed calibration and
should be performed after major repairs or at least once per year; the other is a routine
calibration of the instrument in the complete test circuit and should be performed before
every test or, if many identical test objects are being tested, then it may be performed at
suitable intervals to be determined by the user. The latter calibration should include a
verification that the instrument, as used in the test circuit, shall be able to measure a
partial discharge level of 1 pC (minimum).

1.2) Calibration of partial discharge measuring instrument
The partial discharge measuring instrument is calibrated according to the instructions of
the manufacturer of the instrument.

1.3) Calibration of the instrument in the complete test arrangement

The calibration of the instrument in the complete test arrangement is made according to
Figure 19, below.

Z
X
- |
!
c | | c
| JL
V-~ I ] |
[p—— _, PD
g——3)
Zm as

CEl 1071191

C, = Pulse generator capacitance
G = Pulse generator

(For the other elements, see Figure 18)

Figure 19 — Connections for the calibration of the complete test arrangement
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The calibration shall be repeated every day and for each device with a different design.
The pulse generator is adjusted so that the outpulse represents a charge of 5 pC.

The pulse of the calibration generator shall have a rise time of less than 50 ns. The
delay time shall be between 100 us and 1 000 ps.

The reading of the instrument should be at least half of full scale.
The pulse generator shall be removed before energizing the test circuit.
The test voltage is set to the highest applicable level relevant to the device under test.
The reading of the instrument should be below 1 pC. For this verification of the test
circuit noise level, C, shall be free of partial discharge.

2) Test methods

The partial discharge basic noise level value may not be subtracted from the partial
discharge value of a specimen.

The partial discharge magnitude g, is the instantaneous maximum read out value during
the partial discharge measuring time interval tp.

NOTE The apparent partial discharge magnitude q, of 5 pC was found to be a practicable criterion for
photocouplers; smaller values are desirable but are not visible at this time.

2.1) Method a)

-« I,
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|
st |

CEl 1072191

Figure 20 — Time interval versus test voltage diagram

A voltage well below the expected inception value is applied to the test object and

gradually increased to the specified value V,,,; at which partial discharge is allowed.
The initial test voltage is maintained for the specified time (f;,;).

Thereafter, the test voltage is reduced to the value of the partial discharge test voltage (Vp).
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