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RF MEASUREMENTS OF FIBER OPTIC COMPONENTS

ABSTRACT

RF network analysis is a useful technique for measuring the baseband electrical
characteristics of fiber optic components. This paper is intended as a
measurements tutorial and presents a brief description of the measurement theory
and measurement block diagrams, including discussion of instrumentation
requirements for attenuation and bandwidth measurements of optical fiber. In
addition, fault location and modal dispersion measurements achieved through
conversion of frequency domain information via the inverse Fourier transform to
the time domain are described.

Author: Roger Wong is all Engineering Project Manager in the economy vector
network analyzer section of the Network Measurements Division of Hewlett Packard
Company, located in Santa Rosa, California. He graduated from Oregon State
University (BSEE) and Columbia Universtiy (MSEE). With HP since 1968, projects
included development of microwave microcircuits, devices, and components for HP
component products and microwave instruments.
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RF MEASUREMENTS
OF

FIBER OPTIC COMPONENTS
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OBJECTIVES:
• Show How Network Analyzers Can Be Used

to Characterize Components in Fiber Optic
Communications Systems

• Explain Basic Theory of the Measurements

• Show Some Typical Measurement Examples

4412

CONTENTS
• Model of Typical Fiber Optic Communica­

tions Systems

• Important Parameters for:
- Electrical/Electrical
- Electrical/Optical
- Optical/Electrical
- Optical/Optical Measurements

• Frequency Domain Measurement Theory &
Examples

• Time Domain & Fault Location Measurement
Theory & Examples
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Introduction: RF characterization of
fiber optic components is becoming more
necessary as system modulation rates
increase to microwave frequencies. RF
network analyzers have been used to
characterize electronic components for
years and are becoming more commonplace.
Additionally, network analyzers with
suitable optical converters can be used· to
perform a wider variety of photonics
measurements. Some of these measurement
applications will be discussed in this
presentation.

The objectives of this presentation are as
follows:

1) To discuss how network analyzers can be
used to characterize components in fiber
optic communications systems.

2) To explain conceptually how a network
analyzer works and the basic measurement
theory.

3) To present some typical measurement
examples.

In short, this presentation is intended as
a measurements tutorial to explain the use
of network analyzers in characterizing
electronic, electro-optical, and optical
components.

To accomplish the objectives, the
presentation will be structured as follows:
1) show a conceputal model of a typical
fiber optic communications system, 2)
discuss the important parameters of
interest in electronics/photonics areas, 3)
discuss photonics measurements from a
frequency domain approach and present some
examples, and 4) discuss time domain and
fault location basics and examples.

www.HPARCHIVE.com



A conceptual fiber optic communications
system consists of several functional
blocks: an information source, a signal
conditioning section, linear driver
amplifier, optical transmitter, optical
fiber cable, optical receiver, signal
conditioning section, and an information
recipent. Electrical and optical
measurements of components found in the
linear driver amplifier, transmitter,
optical fiber cable, and receiver blocks
will be discussed.

Digital or
Analog

Optical Fiber

ecarrier

TYPICAL FIBER OPTIC
COMMUNICATIONS SYSTEM

Information Signal
Source Conditioning Modulation

4414

TRENDS:
• Systems Use Higher and Higher

Modulation Rates
(-+ GBits/Sec -+ Microwave Band­
widths).

• Component Designers Need to
Characterize Electrical and Opti­
cal Devices to Microwave Fre­
quencies.

• Devices Need to be Evaluated
with Modulated Signals to
Characterize the Information
Path.

As fiber optic communications systems use
higher and higher modulation rates (i.e.
565 Mbits/sec, 1.7 Cbits/sec, etc.), more
demand is created for microwave bandwidth
functional blocks. This means that
conponent designers need to characterize
their electrical and optical components to
microwave frequencies. And these components
need to be evaluated with modulated signal
to characterize the information path of the
system.

5005

PHOTONICS MEASUREMENT MATRIX

The Photonics Measurement matrix shows an
overview of the four generic measurements
possible when various components are
excited by electrical or optical signals
and when the component output signal is
either electrical or optical. Network
Analyzers can measure the analog quantities
listed of many electronic components found
in fiber optic communications systems. The
network analyzer in conjunction with
commercially available optical converters
(electical/optical and optical/electrical)
can be used to perform measurements in the
other three electro-optical areas.
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ELECTRICAL/ELECTRICAL

~
nlt

RF In ---~. Under ~---.~ RF Out
Test

TYPICAL TEST DEVICES
• Linear Amplifiers

• Coax Cables, Passive Components, Connectors

• Repeaters (Le. EIO + Optical Fiber + OlE)

4416

E/E: KEY PARAMETERS
• Attenuation/Gain vs. Modulation Frequency

• Attenuation/Gain vs. Power

• Modulation Bandwidth

• Impedance (Magnitude & Phase) Levels

• Phase (Linear, Delay)

• Distortion (Group Delay, Non-Linear Phase
Deviation)

• Electrical Length & Fault Location

4417

ELECTRICAL/OPTICAL

I
Unit IRF In ---...~ Under ~--""'l.~ Light Out
Test

TYPICAL TEST DEVICES

• Laser Diodes & LED's

• Optical Sources

• Optical Modulators

4418
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Electrical/electrical Devices: Typical
examples of devices which can be
characterized by network analyzers are
linear amplifiers, coax cables and
connectors, passive components such' as
electrical attenuators, filters, etc., and
fiber optic repeaters (e.g. E/O converter +
optical fiber cable + OLE converter).

E/E Key Parameters: Important parameters
which characterize most electronic
components are listed. They delineate both
the magnitude and phase properties of
linear and quasi-linear networks in
transmission and reflection modes.

Electrical/Optical Devices: Typical test
devices that are electro-optical are laser
diodes, LED's, optical sources and optical
modulators.

www.HPARCHIVE.com



E/O: KEY PARAMETERS

• Sensitivity:

- Optical Power Out vs RF Power
(Fixed Mod. Freq.)

- Optical Power Compression Point

- Noise Threshold/Floor

• Transfer Characteristic vs Electrical Drive
Power (Fixed Modulation Freq.)

• Transfer Characteristic vs Modulation Freq.
(Fixed Electrical Drive Power)

• Linearity:

- A TC vs RF Power
(Fixed Mod. Freq.)

- ATC vs Modulation Freq.
(Fixed RF Power)

OPTICAL/ELECTRICAL

I
Unit I

light In ---~.~ Under ---~.~ RF Out
Test .

TYPICAL TEST DEVICES
• Pin Photo-Diodes

• Avalanche Photo-Diodes

• Optical Receivers

OlE: KEY PARAMETERS

• Sensitivity:

RF Power Out vs Optical Input
Power

RF Power Compression
Point

Noise Threshold/Floor

• Transfer Characteristic vs Optical Input
Power (Fixed Modulation Freq.)

• Transfer Characteristic vs Modulation Freq.
(Fixed Optical Input Power)

• Linearity:

- A TC vs Optical Input Power
(Fixed Mod. Freq.)

- A TC vs Modulation Freq.
(Fixed Input Optical Power)

4419

4420

4421
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E/O Key Parameters: The key parameters for
electrical/optical devices are sensitivity
power compression, noise threshold, dynami
range, and linearity (or transfer
characteristic flatness).

Optical/Electrical Devices: These devices
are the duals of the electrical/optical
devices. Typical devices are PIN
photo-diodes, avalanche photo-diodes, and
optical receivers.

Optical/Electrical Parameters: The key
parameters for the optical/electrical
devices are the same as in the
electrical/optical case, except that the
independent and dependent variables are
reversed.

www.HPARCHIVE.com



OPTICAL/OPTICAL

Light In .\ u;~~rI · Light Out

TYPICAL TEST DEVICES
• Optical Fiber Cable

• Optical Modulators

• Passive Optical Devices

• Optical Attenuators

4422

010: KEY PARAMETERS
• Attenuation vs Modulation Freq.

• Optical Modulation Bandwidth

• Delay

• Pulse Dispersion (Modal)

• Electrical Length

• Fault-Location

4423

FREQUENCY DOMAIN MEASUREMENT
THEORY & EXAMPLES

• Network Analyzer Basics

• Modulated Signals

• Frequency & Time Domain Basics

• EIE Measurement & Block Diagram

• ElO Measurement & Block Diagram

• OlE Measurement & Block Diagram

• 010 Measurement & Block Diagram

4424
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Optical/Optical Devices: Typical optical
components are optical fiber cable,
modulators, passive devices such as
switches, splitters, combiners, etc., and
attenuators to name a few.

Optical/Optical Parameters: The key
parameters are listed; in many instances,
these parameters are of interest for
electrical/electrical devices.

The presentation will now focus on the
measurement theory of the four generic
measurements (i.e E/E, E/O, OLE and 010).
The slide shows the topics to be covered
and their sequence. The measurements
discussed (in this section) will be done
from a frequency domain point of view and
will be geared at a tutorial level.

Before discussing the electrical/optical
measurements, a review of the basic
concepts in network analyzers, modulated
signals, and frequency and time domain
basics would be helpful to gain further
insights to the measurp.ments.
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I I
I I
I I
I IL ;¥ J

CAL

• Measure Gain/Attenuation
(number; dB)

Meter
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Here, we have a signal source at a CW
frequency, fo, and a receiver (e.g. power
meter, diode detector, etc.). First, the
system is calibrated using a variable
attenuator; next, the network is inserted
and either a gain or attenuation is
measured. The measurement can be given as
a number or in decibels (dB).

,.-------,
I

~ I - Network -
: T T
I I I
I I I
I I IJL! L E~I:. J

_____ :.J

Frequency Response

In this case, the measurement can be
expanded to sweep the source at a number of
discrete frequencies. The single channel
receiver can be calibrated over the
frquency range of interest, and the network
inserted between the source and receiver.
The resulting measurement is the frequency
response of the network.

-- -- -- -- --
" "

....-

Frequency

4426
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I
I
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NETWORK ANALYZER
SOURCE RECEIVERr----' FOw)HOw) ,-----------.,

IFO~ I

~ '-L__:: ~$~t~ I
-A-

I
I
I
I
I
I
I
IL ~

• Measures Network's H(jw)

4427
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The network analyzer is an extension of the
single channel receiver concept. It is a
multi-channel tuned receiver with a swept
signal source that takes a ratio
measurement. Notice that F(jw) is incident
to both the network under test and one of
the network analyzer's channel
simultaneously. The second channel
receives the output signal F(jw)H(jw). The
resulting measurement is H(jw)--both the
magnitude of H(jw) and the angle of H(jw).

www.HPARCHIVE.com



fIt) = cos wt

MODULATED SIGNALS

l~-~,---H_uw)_~~1Vl\V
-Iat!+-

g(t) = IHI . cos w (t + dt)

Where at = ~, 4> = L Hw

4433

g(1) • IH] (X.{t + AI) coe W~(l + 41)

oc. (t) • ModulaUon
Fl,Inet~ (Envetope)

• loIodua.tod En.olope and Carrior Signal oro Both Operatod Upon Idontically by IHI.

• loIodua.tod Envolope ond Carrlor Signal aro Both Tlmo Coloyod by 41.

• Thoroloro. by loIoosuring Iho loIodulatod En.olope. lho Impacllho Notwork has on
lho Carrier Signol can be Prodlctod.
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Let's review some basics of modulated
signals. Suppose a signal f(t)=cos(wt) is
injected into a linear network H(jw). The
output signal g(t) is operated upon by
network H(jw) as follows: 1) the magnitude
of the input signal (1) is multiplied by
the magnitude of H(jw); and 2) the phase of
f(t) is delayed by the angle of H(jw).
Thus, the resulting g(t) is given as shown.

Consider that we have an AM modulated input
signal f(t), as ShO~l. The network H(jw)
operates upon the carrier and modulated
components of the input signal f(t) in an
identical manner to yield the output signal
g(t). In other words, the modulated
envelope and carrier signal are multiplied
by the magnitude of H(jw), and the
modulated envelope and carrier signal are
both time delayed by delta t (i.e. the
phase of H(jw». Therefore, by measuring
the modulated envelope, the impact the
network has on the carrier signal can be
predicted.

SWEPT FREQ. SOURCE

~F~}

-./L

FUw) 1-------,

w,
Frequency

Domain

w

.7"-1-

IMPULSE SOURCEe--- I(I}

~ v V v....,
Time Domain

4428
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Now, let's review some frequency and time
domain concepts. Consider a swept
frequency source whose output power over
the frequency range is constant at 1 unit.
In the frequency domain, it represents a
constant power over the given frequency
range. The inverse Fourier transform of
this frequency information will give its
equivalent time domain representation--a
time impulse centered at t=O seconds with
sinx/x form. In other words, an equivalent
excitation impulse can be simulated in the
time domain by taking the inverse Fourier
transform of the rectangular
power/frequency spectrum in the frequency
domain.
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FREQUENCY DOMAIN:

~. ~lKw
~ l-- HOw) I
'F(j':) ~ ]-.

Time Domain:

fIt)

@r----INr-
hIt)

f(t)· hIt)
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In the frequency domain, given an input
signal F(jw) and a network, H(jw), the
resulting output signal, [G(jw)], is the
product of the two functions. In the time
domain, the output signal, get), is the
inverse Fourier trans from of G(jw) or
given, f(t) and h(t), it is the convolution
of the two functions f(t) and h(t), i.e.
g (t)=f (t)~"'h(t) .

Frequency
Domain

GOw)

GOw):FOw) . Haw)

IN SUMMARY:

/T-1

.7-1

Time
Domain

get)

g(t):f(t)· hIt)

4430

In summary, frequency domain information
can be converted to the equivalent time
domain information through the inverse
Fourier transform. The output signal,
get), in the time domain can be derived
from the frequency domain output signal,
G(jw), through the inverse Fourier
transform of G(jw).

ELECTRICAL/ELECTRICAL 8753
MEASUREMENT BLOCK DIAGRAM

4431
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Electrical/Electrical Measurements: The
measurement block diagram is shown for
units under test where both the input and
output signals are electrical. The
specific analyzer shown in this case is the
HP8753A Network Analyzer (also other HP
network analyzers could be used). The unit
under test selected as an example could be
a repeater where the optical converters
contain the analog linear circuits and no
digital signal conditioning circuits.

www.HPARCHIVE.com



UUT =EIO CONVERTER + MMF + OlE CONVERTER

... ~ ·'1
r----. !

~
I-

c~ I 521 J09 ... "co ~ de/ tlUF -5 de z.. -5 3888 de

The optical converters include the analog
circuits connected with approximately 1.5
Km of multi-mode optical fiber. The
measurement plot of the repeater shows its
transmission characteristics (i.e.
attenuation and frequency response
flatness) and bandwidth.

ST"IIn . 300 000 MHa STOP I 500.000 000 Wiota

Modulated
Light

4432
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Electrical/Optical Measurements:
Measurements on the test devices occur with
an electrical input signal and an optical
output signal. Let us use an optical
transmitter as an example test device
(note: the discussion applies to the other
typical test devices listed earlier). The
input signal modulates the optical
transmitter which results in a modulated
light signal at its output. If the
frequency is held constant but the
electrical input power is varied, then the
modulated light output power will vary.

SENSITIVITY: OPTICAL POWER vs RF POWER

Optical
Power ..~

RF Power

Fixed Modulation
Frequency

Sensitivity: The modulated optical power
can be plotted as a function of the input
electrical drive rf power for a fixed
modulation frequency. There are three
significant parameters which can be
obtained from this sensitivity curve: 1)
noise threshold level, 2) output power
saturation level and 3) dynamic range of
the transmitter.

• Noise Threshold Level

• Output Saturation Level

• Dynamic Range

4437

9

www.HPARCHIVE.com



LINEARITY: TC (L\ PoptlL\ Prf) vs RF POWER

rTC

Flatness
l.-

Fixed Modulation
Frequency

Linearity: The slope of sensitivity curve
or transfer characteristic (TC) versus rf
power can be plotted to show the linearit)
of the transmitter with greater resolution.
The TC flatness or ripple and power
compression characteristics also become
more evident in this format.

RF Power

• 'Transfer Characteristic (TC)

• TC Flatness (Ripple)

• Power Compression Point @ 1 dB

4438

BANDWIDTH: TC vs MODULATION FREQUENCY

TC
T

Fixed Input RF Power

Bandwidth: If the input rf power to the
transmitter were now held constant and the
modulation frequency were varied, the
transfer characteristic versus modulation
frequency could be measured. The data
plotted in this format would show the
modulation bandwidth, transfer
characteristic and the flatness performance
of the transmitter.

Modulation Frequency

• Transfer Characteristic (TC)

• TC Flatness (Ripple)

• Bandwidth

4439

MEASUREMENT BLOCK DIAGRAM
(ELECTRICAUOPTICAL)

E/Q Measurement Block Diagram: The
measurement block diagram is shown. It is
necessary to know the transfer
characteristics of the optical receiver to
determine the transmitter's characteristics
from the network analyzers measurements.

A;-.

Modul.'ad
L'llht

~

IEIO co".,." ••,)

4435
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Optical/Electrical Measurements: The
optical/electrical measurements are the
reciprocal of the electrical/ optical
measurements. In this case, the input
signal is modulated light and the output
signal is electrical rf power.

-----;.;;? •
Modulated.
Light

UUT = OlE Converter

4441

SENSITIVITY: RF POWER OUT
vs INPUT OPTICAL POWER

LINEARITY: TC (~ Prf/~ Popt) vs INPUT
OPTICAL POWER

RF Output
Power

Te

..~........................ Fixed Modulation

Frequency.
Input Optical Power

• Noise Threshold Level

• Output Saturation Level

• Dynamic Range

4442

Flatness

t

Fixed Modulation
Frequency

Input Optical Power

Sensitivity: In a similar manner, receiver
sensitivity can be measured by plotting
modulated rf power versus modulated optical
power. Parameters such as noise threshold
level, output power saturation level, and
dynamic range can be extracted for the
measurement.

Linearity: The transfer characteristic
(TC), TC flatness and power compression
points can be identified with greater
resolution in this format.

• Transfer Characteristic (TC)

• TC Flatness (Ripple)

• Power Compression Point @ 1 dB

4443
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BANDWIDTH: TC vs MODULATION FREQUENCY

Bandwith: By holding the modulated optical
power input constant and varying the
modulation frequency, modulation bandwidth,
transfer characteristics and its flatness
can be determined for the receiver.

Fixed Input Optical Power

TC

1
Modulation Frequency

• Transfer Characteristic (TC)

• TC Flatness (Ripple)

• Bandwidth

4444

MEASUREMENT BLOCK DIAGRAM
(OPTICAUELECTRICAL)

~k1(l)

MOdUI.tfdM=
Light t

2+

(OlE Converter)

Unit
Under
Test

--- ...,,
I
I
I,,

OLE Measurement Block Diagram: The receiver
measurement block diagram is shown. As
with the E/O measurements, a calibrated or
reference optical receiver whose
characteristics are known is necessary to
determine the unknown receiver's
characteristics from the network analyzer's
measurements.

--A- :
I , I
I Modulation Tuned Vector Receiver IL ~~~ ~

Network Analyzer

4440

Optical/Optical Measurements: For test
devices where the input and output signals
are light, it is adequate to use optical
transmitters and receivers whose
electro-optical characteristics are
unknown, but the T/R set should have
sufficient modulation bandwidth for the
measurement application.

The measurement block diagram is shown.
Remember that the input light signal to the
test devices is modulated light and that
the network analyzer measures the
properties of the modulated envelope to
determine the affect of the carrier light
on the test device.

0/£
CorNert.,

I IL ~

CAL

MEASUREMENT BLOCK DIAGRAM
(OPTICAUOPTICAL MEASUREMENTS)

EIO
Converter

--- ...,
I
I
I,
I
I

--A- :
I I
I Modul.lIon Tuned Vector Reee,"" IL ~~~ ~

Network Analyzer

5006
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Light In

TYPICAL DEVICE: MMF

Light
Out

Let's consider a roll of multi-mode fiber
as a typical test device. As the test
device name implies, there are various
modes of light which travel through optical
waveguide. What light modes exist and how
do they interact with each other?

1.5 KM MMF Roll

What Light Modes/Paths
Exist in the Fiber?

5007

L, .-----

L. ---

L••••••••••••

Cladding Path Length Delli)'

L, T,
L. - T.
L. T.

Output Signal = I STI
I~

Photo­
Diode

=

As shown conceptually, various logitudinal
modes of light travel down the fiber, each
having a different path length and hence,
different time delays. The output signal
is the vectorial sum of the individual
light modes, each having a different phase
angle. As the modulation frequency
increases, the sum of the individual
vectors will tend to decrease, since the
vectors of difference path lengths will
tend to cancel.

III
'C
C
o
·iii
UI·e
UI
c
III
F

5008

Fiber Dispersion
Limitations

t4----- BW ------;~

Modulation Freq.

5009

Thus, we would expect that the fibe~'s

transmission would decrease at higher
modulation frequency, and the fiber would
become more dispersive.

13
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OPTICAL TO OPTICAL
BASEBAND FREQUENCY RESPONSE

The curve shown represents the transmission
characteristics of a 1.5 Km length of
multi-mode fiber. It's optical 3 dB
bandwidth is almost 800 MHz.Zoo ~ Q~el dB2 d8/ "E" 0 dBlog Io4AC; -

77 .7 ",

r--""
f-

'Ii

eM! 521

STANT .300 000 "'M. ITO~ 1 SOO.OOO 000 IolMa

5010

TIME DOMAIN & FAULT
LOCATION

THEORY & EXAMPLES
• Length Measurements

(Two Port/Transmission)

• Dispersion Measurements
(Modal)

• Fault Location Measurements
(One Port/Reflectioli)

Thus far, the presentation has dealt with
frequency domain measurements. \fe shall
now discuss three time domain measurements:
1) two port length --transmission mode, 2)
pulse dispersion (modal), and 3) one port
length (reflection mode) or fault location.

5017

TWO PORT LENGTH AND
MODAL DISPERSION

MEASUREMENTS
•

Freq.
Domain

Data •
Time

Domain
Data

Recall that frequency domain information
can be converted to the equivalent time
domain information by the inverse Fourier
transform. In other words, although
measurements are being taken in the
frequency domain, network behavior to a
time domain excitation (e.g. time impulse)
can be determined. The measurement steps
are outlined for two port length and modal
dispersion measurements.

• Calibrate w/Zero Length "Thru"

• Measure MMF

• Compare Calculated Input
& Output Time Pulses

5011

14
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CALIBRATION: ZERO-LENGTH THRU

'>

Frequency Domain:

g~b~o
c:
!«

1 GHz
Modulation Frequency

g-1

•
Time Domain:

o

5012

Calibration: Using a reference or "zero"
length patch cord (optical fiber cable),
the optical system transmission response
can be normailized. Over the frequency
range of interest, the normalized freuqency
response is given as a rectangular pulse
from fl to f2. Its time domain equivalent
is a time impulse at t=O. Note that the
network analyzer allows viewing of both the
frequency and time domain information
conveniently.

UUT =~ Length of MMF

Frequency Domain:

'§IIl

D.; ~
E
CIl
c:
III
F

1 GHz
Modulation Frequency

• Attenuation Characteristics
of MMF

Time Domain:

1 t 1 I,

o~ t
Tl

• t 1 = Output Pulse of
UUT When Excited by
Input pulse (WIdth =
to).

• T1 = Electrical Delay·
Related to Length
(I.e. Lp = nL.).

5013

Measurement of UUT: The unit under test
(UUT) is inserted into the measurement
system; the frequency domain response is
shown. The inverse Fourier transform of
the frequency domain information yields an
impulse which is time delayed by Tl and
whose impulse width has widened to tl and
been attenuated. The time delay, Tl, gives
the electrical length information which can
be converted to physical length, knowing
the opticalfiber index of refraction.
Comparison of the tl and to yields pulse
dispersion information.

eMI 52' lDg MAC 10 d8/ REF 0 dB

The equivalent input impulse is shown, and
the effective time/distance or distance
range of the measurement. The twenty
microseconds time window translates to a
distance range of six kilometers
(electrical length) or four kilometers
(physical length), assuming an index of
refraction of 1.5 for the optical fiber.

5018

15
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The plot shows the two port length
measurement of about three kilometers of
multi-mode optical fiber. The time delay
of 14.5 microseconds corresponds to an
electrical length of 4.3545 Km; the
conversion of electrical length to physical
length depends upon knowing the index of
refraction of the fiber very accurately. A
short length of fiber was measured to
deteremine the index of refraction of the
fiber (n=1.466). Using the measured index
of refraction and comparing the calculated
length to that stated by the fiber
manufacturer yields agreement better than
0.5%.STOP 20 u.

10 dB/ REF 0 dB

14. 25 u.

MAR ER 1
14.5 5 us

' .. 5 ••

"I
11.tIIlIILWljll~Ii I I 1.It,I.I1

CHI START 0 •

C""41 521 log IolAC

Co-

5019

C

521 Ltl"EAR
F:lEF 1.1 u... ;,.
i. 111 .• ...u... , ,./
V 3 418 Il'IlJ,

MA i<ER 2 1 \.0 .
1 ,,,.

~. -

.
\
\

Pulse Dispersion (Modal): In this
measurement, the frequency range should be
selected to yield a time impulse of an
appropriate width. For the example, a 1
GHz frequency range yields a time impulse
width under 2 nanoseconds. This time
impulse is the input excitation to the
network under test, in this case, a 1.5 Km
length of multi-mode optical fiber cable .

CENTER •. 1 •
SPAN 21.1 ....
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Output Time Impulse: The output impulse has
dispersed (spread) after traveling through
the 1.5 Km multi-mode optical fiber cable,
as shown.

521 LINEAR
REF •.• u ... " •

.1. 2 •.• 1ftlJ" j h/
V 1 .643 MIJ-

I"

lolA i<ER 1-2
. 1 .

I·.. · r\
I \

•
I
I

CENTER 7.2'7 tol.
SPAN 2••• "_

5015

16

www.HPARCHIVE.com



Where t.. = the Full Width of Pulse (xx) at its Half Maximum Value.

t [t 2 2]112
UUT = outpUI - tinput

= 0.64 nsec per 1.48 Km

:. Pulse Dispersion = 0.43 nsec per Km MMF

Reference: "Optical Fiber Communication"
by Gerd Keiser pg. 219

Calculating the pulse spread via the
equations shown, the pulse dispersion is
0.43 nanoseconds per Km of fiber. Note
that the disperson could also be calculated
from the 3 dB bandwidth information, (1. e.
tFWHM=0.44/BW where tFWHM is the full width
of the pulse at its half-maximum value and
BW is the 3dB optical bandwidth of the
network under test).

5016
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The next example more graphically
illustrates the value of viewing both
frequency and time domain information
easily. The transmission measurement shown
is the attenuation characteristic of a
length of multi-mode fiber whose bandwidth
is approximately 350 MHz. At 500 MHz, a
large attenuation is observed, which
implies the cancellation of two
approximately equal modes with opposite
phase angles.

CENTER •• 5225••••• OHl'
SPAN •. $55•••••• (1Hz
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The time domain infromation indicates the
presence of two modes spaced 2 nanoseconds
apart which is consistent with the
frequency domain information. From a
diagnostic standpoint, 't is necessary to
have the transmission characteristics
versus modulation frequency in addition to
the bandwidth and pulse dispersion
parameters, in order to predict how the
higher harmonics of the digital code will
be affected by the transmission medium.
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Combiner

The length of the fiber (UUT) is fixed
which means that the a constant time dela
exists between the signals (I) and (R).
As the modulation frequency of the analyzer
is increased, the phase between the two
signals change linearly. If the frequency
is increased over a sufficient range, the
phase will change (n)x(360); hence, a
ripple pattern will be generated.

Fault Location Measurements: The block
diagram shows the test equipment
configuration including the network
analyzer, optical transmitter, combiner,
receiver and unit under test (optical
fiber/cable) .

Let us look at the signals present in more
detail. Assume for the moment that the
signal from the analyzer is a fixed
frequency. Since the opt:ical combiner does
not have infinite isolation, an incident
signal (I) flows to the receiver from the
optical transmitter as shown. Another
signal flows through the combiner to the
unit under test (fiber) and is reflected
off the end of the fiber; it flows back
through the combiner to the receiver--the
reflected signal (R).

.
Unit Under T••t'-----8 --

Combinerr----..,, ,
, I

i

MEASUREMENT BLOCK DIAGRAM
(FAULT·LOCATION)

5020

FAULT·LOCATION MEASUREMENT

,..---- ...
I I Unit Under Te,t--r ....., : (Optlcel Fiber)

_.J-.. '--t----------------------------- ----1
c I > I

~ l: Cj----t------- n

-- R;l;;ed---U--r
£ I :

I I length (L.)
: I
I I
I I
I I

: I R
: L_______ OlE _ To Anelyzer
L.. ..

1

~--b~---~------------------------ ---~
r------'-......L--J---, :

UJ i
Modut.tion I

L S'p~e! ~~e~v~e~o~~~i:e~ J
Network Analyzer

5021

Optical Fiber

~'-------~

The fiber is a fixed length, Lx. However,
since the reflected signal is being
measured, the path it travels is twice the
length, 2 (Lx) .

------- -- - ------- --- -- -',
4------- ---------------/

Reflected Signal

Length (Lx) ~I
Reflected Signal Path Length = 2Lx

5022

18

www.HPARCHIVE.com



Frequency
Domain

EJ
Ripple Pattern

Information

Time (Distance)
Domain

[JJ
Time Delay or

Position/length
Information

5025

The ripple pattern is measured in the
frequency domain. An inverse Fourier
transform operates on the frequency domain
information to produce the distance (and
time delay) information.

CHI SZI

Co.

loti MAle 10 d." REF 0 •• 11 -35. 115 ell.
za. 4]1 ...

The example shows two lengths of multi-mode
fiber connected together, each about 1.5 Km
long. Marker 3 displays the total length
of the fiber; delta marker functions could
be used to measure the lengths of the
individual fiber lengths. Markers 1 and 2
show the beginning and end of the first
length of fiber, respectively.

5026

SUMMARY AND CONCLUSIONS
• The Network Analyzer is a Valuable

Tool for Characterizing Electrical
Components in the Frequency Range
of Modern High-Speed Fiber Optic
Communications Systems.

• With the Addition of Optical Sources
and Receivers, the Network Analyzer
capabilities are Extended to Charac­
terizing Photonics Components.

• The Time Domain Feature of the Net­
work Analyzer Provides Additional
Measurement Capabilities of Pulse
Dispersion and Fault Location of Elec­
trical and Photonic Components.

5027

19

If more resolution were desired around a
given discontinuity, the frequency range
could be increased and the resulting time
domain display offset by the known time
delay.

In conclusion, the network analyzer is a
valuable tool for·characterizing electrical
components in the frequency range of modern
high speed fiber optic communications
systems. Both maginitude and phase
information of the network can be measured.

By adding optical sources and receivers
which can be modulated, network analyzer
capabilities are extended to characterizing
photonics components.

With the time domain feature of the network
analyzer, additional measurement
capabilities of pulse dispersion, two-port
length and fault location of electrical and
photonic components are provided.
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