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ABSTRACT

In this paper some advanced methods of measurement in the field of optical fibre mea-
surement techniques are briefly described. They are used in measuring optical characteristics, ge-
ometrical characteristics and optical transmission characteristics of optical fibres. The standard
methods recommended by CCl'lT are discussed as the main parts.
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1. INTRODUCTION

Both optical fibre and laser are new techniques in modern times. Recently, fibre-optic
communications (FOC) have been rapidly developed and widely applied in some countries, and
submarine optical cables have been installed under the two Oceans. In recent years, China also
has made some great breakthroughs in the techniques and is gradually ripe in application of them
into engineering. Last October, China declared that she had approached and caught up with the
advanced world levels in this field [1].

With the rapid development of contemporary sciences, optical fibre techniques have been
widely applied to industry and other fields, especially in the aspects of optical fibre sensors and
communications. In its actual application, optical fibre is both limited by its own characteristics
and affected by its geometric dimensions. Hence the measurement and determination of its physical
properties and dimensions are of vital importance. Because the quality of the preform has a decisive
effect on the quality of optical fibre, people hope to examine the quality of the preform as well.

Optical-fibre measurements are the experimental verifications, examinations and evalu-
ations of fibre-optic properties. Therefore tfiey are essential and necessary techniques which must
be mastered for the optical fibre transmisison theory, the fibre design and technique, the quality
controls in the production processes, product tests, laying and installing, circuit defence, etc.

However, the optical fibre measurement being as a new technique, its principles and
methods, even its measuremental contents and parameter definitions are not mature. Optical fi-
bre characteristics depend not only on structures of the fibre itself, but also on the influences of
outside elements. In the test, stability of light source, transmission technique, coupling ways, test
conditions, sample treatments and diagnostic information analyses are closely related to the char-
acteristics presented by optical fibre. Due to the susceptibility of fibre characterization, it is an
important problem how to determine various fibre parameters accurately and repeatably. With the
development of applications come an instrumentization and standardization of the test methods
and the equipments. Over the last ten years specialists at home and abroad have published a vast
number of scientific papers and reports and proposed numerous methods in the optical fibre mea-
surement techniques. According to the suggestions from some countries and repeated discussions,
the CCl'IT has set up the special program to study the problem and recommended some practical
and reliable methods as the unified standard test methods (see Table 1), which are known as the
suggestion letters of the CCITT-G651 and G652. Moreover, the test methods of multimode fibre
parameters are basically mature, but not in the case of single-mode fibre. Recently the optical fibre
technology has made a breakthrough and the quality of the products is increasingly improved. With
the expansion of the application field, new structures and new types of optical fibre are continu-
ously emerging. Nevertheless there are still many problems in fibre measurement techniques that
remain to be researched.

In practical application, the optical fibre of a remote transmission system consists of many

sections of fibre in series, and the characteristics of the system are different from that of single fibre.
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The optical cables consist of many parallel fibres in a pipe of certain structure, their characteristics
have certain changes and need to be remeasured.

For this reason, we will, in the following sections, introduce respectively some methods
to test properties of optical fibres, preform, optical fibre transmission systems and optical cables.
Among these methods, the standard methods recommended by CCITT arc discussed as the main
pans.

Table 1
The test techniques for the CCITT recommendation

2.

Parameter

Attenuation coeff.

Baseband response

Total dispersion coeff.

Cutoff wavelength

Refractive index profile

Geometrical size

Model field diameter

Reference test methods

Cut-back tech

Time domain
Frequency domain

Phase shift method
Pulse delay method

Conduction power method

Refractive near field method

Refractive near field method

Transmission field method

Alternative test methods

Insertion loss method
Backscattering method

The relation between model
field diameter and wavelength

Near field method

Near field method

Lateral offset method

FIBRE CHARACTERIZATION TESTS

In the preface to "Principles of Optical Fibre Measurements", D. Marcuse wrote: "Ad-
vances in any field of science and technology are dependent on the ability to make accurate mea-
surements on the subjects being investigated. The field of optical communications is certainly not
an exception to this rule".

The optical fibre measurement techniques demonstrate their significance in at least two

aspects. First, the optical fibre theory, the perfection of the fibre fabrication technology and progress
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of the technique must demand that the measurement techniques have a higher level so that the meth-
ods and precision of measuremnts can catch up with the fast development of them. Conversely, a
higher level of the measurement technique can also make them have a new development. Sec-
ondly, technical data supplied by the optical fibre measurements are guiding basis for users and
manufacturers.

Generally speaking, the fibre measurement consists of two aspects structural parameter
measurements and transmissive-property measurements. The structural parameters include: (1)
fibre core diameter; (2) fibre cladding diameter; (3) fibre core eccentricity; (4) non-circularity of
core-cladding diameter, (5) refractive index profile (6) theoretical maximum NA. (l)-(4) are also
called size parameters, (5)-(6) optical parameters. The transmissive properties include: (1) optical
loss (at a given wavelength); (2) optical loss spectrum; (3) frequency band response, (i.e. trasmis-
sive bandwidth); (4) material dispersion and so on.

Now, we give a summary of the optical fibre measurement methods generally adopted in
the world at the beginning of 1980's, see Table 2 [2].

Among the ten measurement items above three items are considered important: (1) re-
fractive index profile; (2) attenuation; and (3) dispersion etc.

The important reasons are: (1) The measurement methods adopted in these items may
be used in other measurement items; (2) The measurement results (data or curves) are the main
and fundamental parameters of fibre (i.e. we can use the measurement results to calculate other
measurement items).

Now we summarize the typical measurement methods and the experimental principle for
the three measurement items mentioned above.

1) The index profile measurements

There are many methods of measuring the index profile set out in Table 2. We will
concentrate on two of them.



Table 2

Items for measurements

1
Geometrical

properties

Optical
characterization

Transmissive
properties

Core diameters

External diameter

Fibre core eccentricity

Non-circularity of
core and external diameter
Refractive index profile

NA

Attenuation
Attenuation spectrum
Bandwidth
Material dispersion

Measurement methods

determined by the curve of the refractive index,
Microscope method
Microscope tech, micrometer tech,
Optical deflection tech, difraction tech.
calculated by refractive index profile,
Microscope tech (four-circular tech)
measured by determining the long and the short
axes, four -circular tech.
Refractive near-field tech, near field pattern
tech, end-reflective tech, Q-fibre tech,
longitudinal interference tech, lateral
interference tech, scattering pattern tech,
XMA tech.
The theoretical NA calculated is by the
refractive index profile.
Cut-back tech, insertion tech, backscatter tech,
Cut-back tech, false fiber tech
frequency domain or time domain

(1) The refracted near-field method (RNF)

The RNF method, which is a standard method recommended by CCITT, is based on the
fact that the light power of the fibre refracted-mode (a refracted ray) is proportional to its refractive
index n(r). This method involves a lens, which has much more NA than that of the fibre, to focus
the expanded beams of He-Ne laser onto the fibre end face, scanning along the fibre diameteral-
direction, dismissing the guided modes and the leaky modes. Finally, the light power of pure
refractive modes is tested and thus the refractive index is obtained [3]. Its principle schematic
diagram is as Fig. 1.

(2) Near-field pattern method (NFP)

When the incoherent Lambertian light source is used for the uniform-excitation of a fiber,
under the assumption that all guided modes are uniformly exciting and have the same attenuations,
but no mode couple, the power distributions of guided modes are similar to the refractive index
distribution on the fibre exit end face, i.e. P(r) - P (0) [n 2 ( r ) - T ^ ) ] / ( T ^ — rij). Therefore,
by testing the near-field guided mode distribution on the exit face of the fibre, the fibre refractive
index distribution can be determined. The principle schematic diagram is as following (see Fig.2).

2) Loss measurements



The cut-back method is used the most widely and accurately among all methods of trans-
mission loss measurements. The advantage is simplicity and accuracy in measuring (reproducibil-
ity error ±0 .ldB) and the disadvantage is that a short section of fibre (2-3m) has to be cut. It is a
destructive test.

The mode scrambler and the mode stripper is connected between the light source and the
fibre measured. The main function of the mode stripper is to strip fibre cladding-light (modes),
which include the leaky light of the transparent coating and the leaky light of the casing plastic
material. The function of the mode scrambler is to filter die higher order modes and to get a correct
measurement. Set up a steady-state mode to ensure a correct measurement. Here we do not adopt
the dummy fibre mediod, in which a section of the same type of fibre (length about 500-1000m)
replaces the scrambler and light through such length fibre may reach the steady-state. But this
method may bring up the loss at the connection point and increase measuring error.

Its principle diagram is shown in Fig.3. The computing formula is

The measurement mentioned above is in the case that the source is not too far from the
detector. For fibre cables installed in ducts several kilometers long. Midwinter [4] developed a
modified cut-back method, which is applicable to measuring the loss of long fibres in the case that
the source is far from the detector. Its principle is as the following, see Fig.4. And

= slKlD2A (2)

(3)

(4)

P22 = s2K2D2 (5)
Therefore

l/2 (6)

where

A is die loss of a fibre with length L.

&u si are the output light powers of source 1 and 2 respectively.

K1, K2 are the launching parameters of source 1 and 2 respectively.

D\, D2 are the detector parameters at places 1 and 2 respectively.

Since the formula (6) does not involve the source and detector parameters, it is not nec-
essary to know them. In deriving this formula, we have assumed that in two opposite directions
fibre transmissive losses are the same. In fact, it can not assure the same, because the losses of



multimode fibre depend mainly on launching conditions. Thus, A in formula (6) must be regarded

as an average value of the losses in two opposite directions.

3) Dispersion measurements [5]

The dispersion of a monomode fibre is very small, especially near the zero dispersion
wavelength, about 2-4 ps/Km.nm. It is proved in practice that adoption of the so-called "Group
Delay Phase Shift Techniques" to measure dispersion of a monomode fibre, will produce better
results. This method at present has been recommended as the reference test method by CCTTT.
Now we introduce the fundamental principle of measuring dispersion of a monomode fibre using
the group delay phase shift techniques. Its schematic diagram is as follows, see Fig.5.

When the light waves, wavelengths \\ and >2 respectively and modulated by / 0 , travel
through the measured fibre with length L, and reach the receiving end. We can measure the phase
<pi and tp2 of Xi and Xz respectively by using the phase analyzer.

Difference of their relative phase is

A(pn ~<Pi-^>\ (7)

Relationship between A y>12 a^d group delay is as follows:

AtnAtpu/u = Aipn/2-nfo (8)

From (7) and (8) the dispersion coefficient is obtained by

d = Atn/LoA\n (9)

here
A\n = \ 2 - \ l (10)

According to the above principle, let light wavelengths be >, and A,+i (i = 1,2,3 . . . ) . we can
make a curve to describe the functional relation between the relative group dealy and the relative
wavelength. Taking the derivatives of the curve with respect to X, we may obtain dispersion as a
function of wavelength.

In the above we have only made a brief general introduction to the typical measurement
methods in fibre measurement projects. In recent years the development of fibre measurement
techniques is extraordinarily rapid. The modem techniques of electronic measurements and the
transient computer-controlled processing system have brought extreme convenience for fibre mea-
surement techniques. But we still have a lot of work to do on measuring precision and simpli-
fication. Moreover, the property measurements of optical cables and links is also an interesting
subject.

Today the ideal conditions of fibre measurement techniques in the world should be: (1)
Nondestructive; (2) Suitable for any index profile of fibre; (3) High precision and high resolution;
(4) Simplicity in measuring and processing.



3. PREFORM DIAGNOSTICS

Preform quality decides fibre quality. To ensure the high-quality properties of a fibre, we
should make the screening measurement for preform. Both manufacturers and users hope to have
a quality tests on the preform. The test contents must include the following three terms:

(1) Observing the defects of deposit layer;

(2) Measuring the core-cladding ratio;

(3) Measuring the index profile of the cross section.

1) Preform deposit layer diagostics

Preform deposit layer diagnostics may be done by using the arrangement shown in Fig.6.
By using the expanded parallel He-Ne laser beam to scan the preform, we examine the defects of
its deposit layers and discover problems in the processing of the preform fabrication as soon as
possible and feed the problems back into the processing immediately so as to improve the technical
conditions.

The detailed statements of analyzing various defects of preform by the He-Ne laser beam
scanning can be seen in literature [6].

2) Preform core-cladding radius ratio measurement.

Preform core-cladding radius ratio measurement is very important because the fibre core-
cladding radius ratio depends on the preform core-cladding radius ratio. Only when the preform
core-cladding radius ratio is up to standard, can the geometrical size of the fibre drawn from this
preform satisfy the CCITT's standard. The measurement principle is shown as Fig.7, the expanded
parallel He-Ne laser beam projects sidewards on the preform and the beam will have a deflection
as through the preform. Two light rays I and n grazing just the core-cladding boundary face form
an angle 2 <p\ after deflection. In this angle there is a light and shade stripe part corresponding to
the structure of the deposition layer, which is core region. Beyond the angle, there is no light and
shade stripe. It is cladding region. From the geometric relations shown in Fig.7, we can get:

— arcsin(a/6)] (11)

we finally obtain

o /6=s in ( v , 1 / 2 ) / [ (n | + l ) - 2 n 2 c o s ( V ) 1 / 2 ) ] 1 / 2 (12)

where a/b is the preform core-cladding radius ratio, m is the refractive index of the cladding, ip\
is a half of the deflection angle corresponding to the core. So, when <pi is measured, a/b is known.

According to the fibre standards recommended by CCITT, the core-cladding radius ratio
should be a/b = 0.400. That is to say, if you want to draw a fibre with the external diameter of
125 um, its core diameter should be 50 um.
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3) Preform index profile (PIP) measurements.

The Plol refractive index profile apparatus, made in York Company, United Kingdom,
can be used for measuring the preform index profile.

Apart from the above-mentioned preform diagnostics preform, there are yet many impor-
tant aspects of the technological measurements in preform fabrication, such as the geometrical size
of the silica liner tube and the thickness of the deposition layer in the depositing process, which are
also important. Owing to limited space, they are omitted.

4. OPTICAL CABLE DIAGNOSTICS

We can use the same measurement techniques as in fibres to appraise optical character-
izations of optical cables. The purpose to do these measurements is to determine whether optical
cables satisfy the targets required. The test of fibre existence capability in the extreme environment
(i.e. under the nuclear radiation) must be included in the measurements, and the mechanical test is
to measure the adaptable capability when the optical cables bear a tension in various temperatures
and surroundings. This kind of test standard is usually based on that of copper cables in industry.
Readers interested in this aspect may refer to the relevant literature [3] and [7].

In the field for setting up the optical cable, the circuit mainly includes: (1) scanning
examinations on optical cables by the backscattering instrument before and after laying them re-
spectively (fibre characterization along the axis); (2) fusion loss of fibre splicer; (3) total attenuation
and total band with of fibre links etc.

1) Splicer-loss measurement

A multimode fibre satisfying the CCITT's standards generally have a small fusion splicer

loss, each one about 0.1 - 0.2 dB. But it is not easy to measure every splicer loss accurately.

A practical and accurate method is the so-called "four-power technique". The test steps of
this technique are as the following: the first step is to measure the output light power P] of emission
fibre I ; the second step is to fuse the receiving fibre with emissive fibre and to measure the ouput
light power P3 of the receiving fibre II; the third step is to cut off the fibre at the point where it is
about several decade centimeters from the fusion point and to measure the light power P2 passed
through the fusion splicer. Moreover we should pay attention to keeping fibre-detector couple from
changing at the point where P3 has been measured; the fourth step is to cut this reference splicer
(i.e. the splicer fused already), and to refuse a real retained splicer, once more to measure the output
light power P4 of receiving fibre II. Then, a real loss for each fusion splicer is

a a = 1 0 1 o g ( P i / P 2 ) + 101og(P3 /P4)(dB) (13)

where the first term is the fusion splicer loss of reference splicer, the second term is a correction
value to reference splicer loss after the secondary fusion. Obviously, when P4 > P3, a real fusion



splicer loss is less than that of the reference splicer, when F4 < F3, the former is larger than the
latter; and when P4 = P3, they are equal.

From the above statement we know that fusion splicer in the first step plays only a ref-
erence role in measurements, so it is not a big trouble not to set it in the optimal state (of course,
it is best to set it in the optimal state); but in the fourth step, when we fuse a real splicer, we have
to set it carefully in the optimal state and make P4 > P3 as far as possible. However, it should be
noted that coupling state of injection light at the emission end must not be changed in the entire
test process.

Because injection light is transmitted through several hundred meters, sometimes even
several kilometers, the light power distributions coupled into the receiving fibre basically satisfy the
condition of the equlibrium mode distribution. This technique has a higher accuracy in measuring
splicer loss. The measuring errors mainly result from the light source stability and the accuracy of
the instrument indicating light power. The disadvantage of this technique is that a lot of time must
be spent in fusing two times for each fibre splicer.

It is found by practice that as long as fibre parameters satisfy CCITT's standard, the
mean loss is not over 0.2 dB per fibre fusion splicer. Because of this, some methods to simplify
measurement have been proposed. Here we omit them. Those interested may refer to the relevant
literature.

2) Field test of attenuation and bandwidth of optical fibre links

Field test and indoor measuring of transmissive characterization of fibre link are different.
First, in the field measuring fibre link length is much longer than that in the indoor test; and in the
field test the two ends of the link are in different environment, unlike indoor test, which is in the
same place. Therefore, it is difficult to realize the field test equipments (e.g. Synchronous phase-
locked amplifier, Synchronous-triggered sampling oscilloscope, Synchronous spectrum analyzer
etc.), which demand all the emission and receiving ends synchronous^ In addition, since fibre link
is long, the attenuation test instrument ought to have a large range of dynamic state (general near
30 dB). Also, because it is outdoor measurement, the instruments and meters are required to have
strong adaptability to environment.

For reasons given above, the best method of the fibre-link attenuation measurement is
the insertion technique. The steps measured the fibre link attenuation by the insertion technique
arc similar to that in the fibre attenuation measurement, except that is in the field test, because the
receiver is quite apart from the transmitter, we must first use the "short circuit" fibre to correct
zero dB point (the "short circuit" fibre is an optical fibre cord with two plugs at the two ends, and
generally the instruments and meters provide the fire for themselves). In the test process the output
light power of trasmitter cannot be changed, and the additional losses of two fusion splicers, which
are estimated by operators' experience, must be subtracted from the test result.

The fibre-link bandwidth decreases as link length increases. We know by practice that
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the time domain technique is not very suitable for the total fibre-link bandwidth measurement,

however, the sweep-frequency method in frequency-domain techniques is more suitable for that.
For the signal-to-noise ratio in the latter is much higher than that in the former, and, in the mean time,

the sweep-frequency generator may take asynchronous measurement with the spectrum analyzer

at the receiving end.

When sweep frequency method is used in the test, first we insert short circuit fibre and
measure amplitude-frequency characteristics of instruments and meters themselves. Then we insert
the fibre-link and measure amplitude-frequency characteristics. After that we normalize them, and
subtract one from the other, the amplitude-frequency characteristics of fibre link can be obtained
immediately. Thus optical bandwidth of -3 dB is achieved. To ensure that the test system is not in
saturation region at the short circuit state, we should add a neutral attenuation sheet in the optical
path.

Apparatus schematic of measuring optical fibre link bandwidth is shown in Fig.8.

Finally, optical fibre measurement techniques should include the parameter measure-
ments of common fibre-optic components. A high quality of common fibre-optic component should
have a large NA, a good transparence, a high resolving power and a good contrast The fiber-optic
component characteristic parameter test is not only to appraise the quality, but also to find prob-
lems, and drawbacks of technology, and to improve operating rules and product quality. Here the
fibre-optic components mainly mean various typical optical fibre bundles and plates (including both
types of transmit light bundles and transmit image bundles). Because of limited space, the details
of the test techniques are omitted. Those interested in this subject may refer to the literature [8]
and [9].
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Figure Captions

Fig. 1 Principled diagram of the refractive near field tech.

Fig.2 Schematic of the near field apparatus.

Fig. 3 The principle of the cut-back method.

Fig.4 Fibre loss can be measured by a modified cut-back method using two sources and two

detectors.

Fig.5 Schematic of the phase shift method for group delay.

Fig.6 Schematic of detecting apparatus for proform's Ha-Ne laser sweep.

Fig.7 Schematic diagram of measuring the core-radius over the cladding radius.

Fig.8 Apparatus schematic of link bandwidth for measuring optical fibre
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Notes:

Fig. 5

Sine wave oscillator: It produces high stable frequency /o; (about 30 MHz) and is used
for modulating the envelope of light wave

Wavelength-variable light source: We can use several LD of different wavelengths. We
also can use the luminescence diode with very wide spectral lines, then, by several filters
of different wavelength, obtain several light source of different wavelength.

Photo detector: The function is to transform light signals into electric signals.

Phase analyzer: It can be used for measuring the reference phase at points A and B.
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Fig.6

Fig.7

Fig.8
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