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ABSTRACT

The aim of producing this E-book is to fulfil the E-learning key

performance indicator (KPI). This E-book was discussed subtopics from the

Fiber Optic Communication System. The contained in this E-book include

some notes, examples of questions with solutions. This E-book also includes

flow chart and steps that can help the reader more easily understand the

methods used in fiber optic measurement and testing.

This E-book was defined the introduction of Fiber Optic

Characteristic, Component in Fiber Optic System, Optical Measurement and

Testing. Fiber Optic Communication System introduces students to the basic

concept of fiber optic in communication systems with environmental

sustainability. Besides, this E-book also provides knowledge in fiber optic test

procedure with safety awareness as well as step by step procedure for testing

and measurement.
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1.FIBER OPTIC 
CHARACTERISTICS

I N T R O D U C T I O N

In 1870, John Tyndall, 
using a jet of water that 

flowed from one container 
to another and a beam of 
light, demonstrated that 

light used internal 
reflection to follow a 

specific path

❑ Remember fiber optic

❑ Understand the fiber optic communication system concepts

❑ Remember properties of the light, optical law and the transmission losses in fiber optic cables

❑ Apply index of refraction formula

❑ Investigate Snell’s Law to determine the characteristics of light propagation

❑ Investigate the construction of fiber optic cable

❑ Understand modes and index profiles

❑ Understand type of fiber optic cable
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1.  FIBER OPTIC CHARACTERISTIC

1 . 1  D E F I N E  F I B E R  O P T I C

Fiber optic is the medium in which communication signals are transmitted from  one location to 

another in the form of light guided through thin fibers of glass or  plastic. It also known as an optical 

fiber where the signals are digital pulses or continuously modulated analog streams of light to 

representing information. These can be voice information, data information, computer information, 

video  information, or any other type of information. Optical fiber cables can be either aerial, in duct, 

underwater or buried directly in the ground as shown in Figure 1.1.

Coaxial cables consume 3.5 
watts to transmit data over 100 
meters, while  fiber optic 
systems just use even less than 
1 watt to  conduct light pulses 
over 300 meters. 

Figure 1.1:  Overview of optical fiber cable installation

Fiber optic cables have some environmental 

benefits because the systems waste less energy 

than coaxial cable systems. Less energy means 

less generated heat, therefore fiber optic cables 

don’t need  cooling systems to spend excess of 

energy to cool down the data and keep it at  an 

appropriate temperature. This means that less air

conditioning tools are  needed, saving equipment                                                                - Beyondtech-

and floor space. 
2



1.  FIBER OPTIC CHARACTERISTIC

Here are three reasons why fiber-optic technology can be considered a “green” technology;

Other advantages of optical fibers compared to copper wires is,

3



1.  FIBER OPTIC CHARACTERISTIC

In the Fiber optic technologies, there involve the emission, transmission and detection of light.  Figure 

2 is the basic block diagram of optical fiber communication system that consists of transmitter block, 

fiber optic cable and receiver block.

1. CODER/CONVERTER:

➢ It is aADC(analog to digital converter).

➢ At the input ,the Coder converts

analog signal (analog information such

as voice, video or computer data) into

digital signals.

➢ If the input signals are computer signals,

they are directly connected to light

source transmitter circuit.

• C

1 . 2  F I B E R  O P T I C  C O M M U N I C AT I O N  SY ST E M  C O N C E P T S

2. LIGHT SOURCE

➢ Is generally a FOCUS type LED (Light Emitting 

Diode) or low intensity laser beam source (such as 

Injection Laser Diode-solid state laser) or in some 

cases an infrared beam of light

➢The frequency of digital pulses control the rate, 

at which light source turns ON/OFF, in other word, 

this is how the digital signals are converted into 

equivalent light pulses and focused at one end of 

fiber-optic cable.

• C

TRANSMITTER BLOCK

3. FIBER–OPTIC CABLE

➢ Fiber optic cable passes the light pulses that are fed to one end

of fiber-optic cable on to the other end.

➢ The cable has VERY LESS attenuation (loss due to absorption of light 

waves) over a long distance.

➢ Its bandwidth is large; hence, its information carrying capacity is high.

Figure 1.2:  Fiber optic block diagram

4



1.  FIBER OPTIC CHARACTERISTIC

4. LIGHT DETECTOR :

➢Also known photodetector is transducer 

that detect the light pulses and 

then converts it into proportional 

electrical signal. signal into analog signals, 

such as voice, video or computer data.

➢The electrical signals are the amplified and 

reshaped into original digital pulses by the 

shaper

➢If the input signals are computer signals, 

the signal can be directly taken out from 

the output of the shaper circuit.

• C

5.    DECODER

➢It is a ADC (analog to digital converter).

➢Converts digital signal into analog signals, 

such as voice, video or computer data.

• C

RECEIVER BLOCK

1 . 3  L I G H T  P R O PA G AT I O N

Propagation of light refers to an electromagnetic wave transfer energy from one point to another 

location. Light can travel from a source  in three ways. It can move directly from the source through 

empty space, through various media or after being reflected from a mirror. Inside the optical fibre, 

light propagates as an electromagnetic wave.

In fiber optics communication systems, the important parameter is wavelength and period.

❑ Wavelength is the distance between two identical points 

(the points having the same  phase) of two successive 

cycles of the wave.

❑ Period is the time it takes a wave two identical points 

(the points having the same phase)  to pass, in sequence, 

the same space location.

The wavelength and the period of the wave are related through wave velocity. The period, T is the 

time it takes a wave to travel the distance equal to one wavelength, λ, at velocity, C. On the other

hand, a wavelength λ, is the distance travelled by a wave per one period, T at velocity, c. Therefore,

light velocity is equal to wavelength divided by period, C = λ/T.
5



1.  FIBER OPTIC CHARACTERISTIC

There are several terms to understand light propagation. Index of refraction also called refractive

index, measure the bending of a ray of light when passing from one medium into another medium

like solids, liquids, and gases. Snell's law is a formula used to describe the relationship between

the angles of incidence and refraction, when referring to light or other waves passing through a

boundary between two different isotropic media, such as water, glass, or air.

1 . 3 . 1  INDEX OF REFRACTION

The index of refraction, n of a material is the ratio of the speed of light, c in a vacuum/air to the speed of 

light in the material/medium, 𝑣.

6



1.  FIBER OPTIC CHARACTERISTIC

1 . 3 . 2  S N E L L’ S  L AW

1 . 3 . 3  CRITICAL ANGLE

When light travels from a material with one index of refraction to a material with a different index of  

refraction, the angle of incidence is related to the angle of refraction by:

As the angle of incidence in the first material is increased, there will come a time when, eventually, the

angle of refraction reaches 90° and the light is refracted along the boundary between the two

materials. The angle of incidence which results in this effect is called the Critical Angle.

The value of the critical angle will calculate by assuming the angle of refraction to be 90° and

transposing Snell’s law,



1.  FIBER OPTIC CHARACTERISTIC

1 . 3 . 4  TOTAL INTERNAL REFLACTION

1 . 3 . 5  NUMERICAL APERTURE

1 . 3 . 6  ACCEPTANCE ANGLE

Total internal reflection occurs when light rays are totally reflected at the boundary between two

different transparent materials. If the light approaches the boundary at an angle greater than the

critical angle, the light is reflected from the boundary region back into the first material. The

boundary region simply acts as a mirror.

The numerical aperture, NA is a measurement of the ability of an optical fiber to capture light. NA is 

defined as the maximum  acceptance angle to allow and transmit light by an optical fiber.

The maximum angle within which light will be accepted by an element, such as a detector or waveguide. It

also used to define the acceptance cone of an optical fiber.

8



1.  FIBER OPTIC CHARACTERISTIC

1 . 4  O P T I C A L  P R O P E R T I E S

9

The electromagnetic spectrum is divided
into seven regions. There is radio waves,
microwaves, infrared (IR), visible light,
ultraviolet (UV), X-rays and gamma rays.
Wavelengths for optical spectrum is
generally defined to encompass
electromagnetic radiation in the range
from 10 nm to 103μm, or frequencies in
the range 300 GHz to 3000 THz. (Source:http://www.trendshere.com)



1.  FIBER OPTIC CHARACTERISTIC

(Source: https://www.thefoa.org)

For fiber optics with glass

fibers, the light is in the

infrared region which has

wavelengths longer than

visible light, typically around

850, 1300 and 1550 nm

10



1.  FIBER OPTIC CHARACTERISTIC

11

Optical loss is measured in decibels or dB. Attenuation also known as the reduction of the optical signal 

intensity over a length of optical fiber or components. There are three losses in fiber optic cable.

1 . 5  T R A N S M I S S I O N  L O S S ES  I N  F I B E R  O P T I C  C A B L ES



1.  FIBER OPTIC CHARACTERISTIC

1 . 6  C O N ST R U C T I O N  O F  F I B E R  O P T I C  C A B L E

12

The optical fiber mainly consists of six part.



1.  FIBER OPTIC CHARACTERISTIC

1 . 7  M O D E S  A N D  I N D E X  P R O F I L E S

13



1.  FIBER OPTIC CHARACTERISTIC

1 . 8  T Y P E S  O F  F I B E R  O P T I C  C A B L E

14



1.  FIBER OPTIC CHARACTERISTIC

1 . 9  E X A M P L E  A N D  E X E R C I S E

EXAMPLE 1.1

ERA radio station is  at 103.3MHz.  What is  the equivalent wavelength?

EXAMPLE 1.2

A wavelength for fiber optic operation is 1350nm. What is its equivalent frequency?

SOLUTION

SOLUTION

15

𝜆 =
𝑐

𝑓

𝜆 =
2.99𝑥108

103.3𝑥106

𝝀 = 𝟐.𝟖𝟗𝒎

𝜆 = 1350𝑥10−9𝑚

𝑓 =
2.99𝑥108

1350𝑥10−9

𝒇 = 𝟐. 𝟐𝟏𝟓𝒙𝟏𝟎𝟏𝟒𝑯𝒛

𝑓 = 1.103𝑥106𝐻𝑧



1.  FIBER OPTIC CHARACTERISTIC

EXAMPLE 1.3

Given the index of reflection of diamond is 2.419 and the velocity of l ight in a 

vacuum is 2.99𝑥108 m/s.  Calculate the velocity of l ight in the material?

Index of reflection of diamond,

η=2.419

velocity of light in a vacuum,
c = 2.99 x 108 m/s

𝒗 = 𝟏.𝟐𝟑𝟔 𝒙 𝟏𝟎𝟖m/s

EXAMPLE 1.4

Given the velocity of light in water is 2.248 x 108 m/s, and the velocity of light in a 

vacuum is 2.99𝑥108 m/s. Calculate the index of refraction of the material?

velocity of light in ,
v = 2.248 x 108 m/s

velocity of light in a vacuum,
c = 2.99 x 108 m/s

𝒏 = 𝟏.𝟎𝟏𝟗

SOLUTION

SOLUTION

16

𝑛 =
𝑐

𝑣

2.419 =
2.99𝑥108

𝑣

𝑣 =
2.99𝑥108

2.419

𝑛 =
𝑐

𝑣

𝑛 =
2.99𝑥108

2.248𝑥108



1.  FIBER OPTIC CHARACTERISTIC

EXAMPLE 1.5

Given the index of reflection of benzene 1.501, crystalline is 1.544 and the velocity of 

light in a vacuum is 2.99𝑥108 m/s. Calculate the velocity of light in all three material?

index of reflection
of benzene = 1.501

index of reflection
of crystalline= 1.544

𝒗 = 𝟏.𝟗𝟗𝟐 𝒙 𝟏𝟎𝟖m/s

𝒗 = 𝟏.𝟗𝟑𝟕 𝒙 𝟏𝟎𝟖m/s

SOLUTION

17

𝑛 =
𝑐

𝑣

1.501 =
2.99𝑥108

𝑣

1.544 =
2.99𝑥108

𝑣

𝑣 =
2.99𝑥108

1.501

𝑣 =
2.99𝑥108

1.544



1.  FIBER OPTIC CHARACTERISTIC

Calculate angle of refraction at the air/core interface, θr critical angle , θc incident  angle 

at the core/cladding interface , θi . Will this light ray propagate down the  fiber?

ηair = 1

ηcore = 1.46

ηcladding = 1.43

θincident = 12°

A step index fiber has a core diameter of 100μm and a refractive index of 1.480. The 

cladding has a refractive index of 1.460.

Calculate the numerical aperture of the fiber and acceptance angle from  air.

Given an index of reflection of glass is 1.523 and an index of reflection of air is 1.003.

Determine the acceptance angle if the light is moving from air  towards glass.

Describe the relationship of Snell’s Law between  Critical Angle.

Calculate Angle of Refraction, NA and Acceptance Angle if  Material 1 Glass, η = 1.5 and

Material 2 Quartz, η = 1.38. Angle of Incidence is 350.

EXERCISE 1.1

EXERCISE 1.2

EXERCISE 1.3

EXERCISE 1.4

EXERCISE 1.5

18



2. COMPONENTS 
IN FIBER OPTIC 
SYSTEM

I N T R O D U C T I O N

This topic will discuss about components that available in Fiber Optic System. At the end of this topic, 

students should be able to; 

❑ understand the main components in the fiber optic communication system.

❑ investigate optical sources in fiber optic communication system.

❑ investigate optical receivers in fiber optic communication system.



2.  COMPONENTS IN FIBER OPTIC SYSTEM

2 . 1  C O M P O N E N T S  I N  F I B E R  O P T I C  C O M M U N I C AT I O N  SY ST E M

Fiber optic communication system has three main components that basically need to know which are

i. Light Source (Optical Transmitter)

ii. Fiber Optic Cable (Transmission Medium)

iii. Photo Detector (Optical Receiver)

Figure 2.1 shows three main components of fiber optic communication system. While, Figure 2.2 

shows Fiber Optic Communication System.

20



2.  COMPONENTS IN FIBER OPTIC SYSTEM

The optical source is often considered as an active component in optical fiber communication system.

Its fundamental function is to convert electrical energy into optical energy (light) in an efficient manner

which allows the light output to be effectively launched into optical fiber cable. Figure 2.4 shows the

Injection Laser Diode internal structure.

O P T I C A L  S O U R C E

Optical source is an optical transmitter which converts electrical input signal into light signal before

transmit them into fiber optic cable. Optical source is the major component in an optical transmitter.

The most popular optical sources that usually used are semiconductor Light Emitting Diode and

Injection Laser Diodes as shown in Figure 2.3.

Figure 2.4 Injection Laser Diode  Structure

(www.hoo-tronik.com)

21



2.  COMPONENTS IN FIBER OPTIC SYSTEM

Size and configuration compatible with launching light into an optical fiber.  

Ideally, the light output should be highly directional.   

SIZE & CONFIGURATION

Have high sensitivity to tracked the electrical input signal accurately to minimize the 

distortion and noise. Ideally, the source should be linear.

HIGH SENSITIVITY

Should emit light at wavelengths where the fiber has low losses and low dispersion and 

where the detectors are efficient.   

CORRECT WAVELNGTH

01

02

03

Preferably capable of simple signal modulation over a wide  bandwidth extending from 

audio frequencies to beyond the gigahertz range.

CAPABLE MODULATION

04

LEDs and ILDs are mostly used in fiber optic communication system, 

because of these two sources fulfill the major requirements of optical 

emitter which are outlined as below:

Can couples sufficient optical power to overcome attenuation in the fiber  plus additional 

connector losses and leave adequate power to drive the  detector.

COUPLED SUFFICIENT POWER

Have very narrow spectral bandwidth (linewidth) in order to minimize dispersion in the fiber

NARROW BANDWIDTH

Capable of maintaining a stable optical output which is largely unaffected by 

changes in ambient conditions (e.g. temperature). 

STABLE OUTPUT

05

06

07
7

the source is comparatively cheap and highly reliable in  order to compete with 

conventional transmission techniques

CHEAP AND HIGH RELIABILITY
08

C h a r a c t e r i s t i c s  o f  O p t i c a l  S o u r c e s

22



2.  COMPONENTS IN FIBER OPTIC SYSTEM

Light signals which have been converted by optical source will be transmitted into a suitable 

transmission medium which is Fiber Optic Cable. This fiber optic cable capable to emit signal in the light 

form. Figure 2.5 shows the fiber optic cable that consists of three sections which are;

i. Core - consists a fiber made of glass or plastic or any transparent material. The core is a path for 

light propagation.

ii. Cladding – an insulator made of a glass or plastic or any transparent material that has optical 

properties different from the core.

iii. Coating/Jacket - a non-transparent material which acts as a layer to protect the fiber against 

moisture, crushing, and other environmental dangers.

F I B E R  O P T I C  C A B L E

A d va n t a g e s  o f  F i b e r  O p t i c  C a b l e

23



2.  COMPONENTS IN FIBER OPTIC SYSTEM

O P T I C A L  R E C E I V E R

Photo-detector is an optical receiver that senses light signal falling on it and converts the variation of

optical power to a correspondingly varying electric current. An optical receiver consists of a

photodetector and others electronic for amplifying and processing the signal. The most popular photo-

detector that usually used are semiconductor Positive Intrinsic Negative (PIN) Photodiode and

Avalanche Photodiode (APD) as shown in Figure 2.6.

Since the optical signal generally is weakened and distorted when it emerges from the end of fiber 

optic cable,  the photodetector must meet strict performance requirements which are:

I m p o r t a n c e  R e q u i r e m e n t s  o f  P h o t o d i o d e

24



2.  COMPONENTS IN FIBER OPTIC SYSTEM

2 . 2  O P T I C A L  S O U R C E

LED is a two-lead semiconductor light source that converts an electrical current into light. It is a P-N

junction diode that can emits incoherent light through spontaneous emission when a suitable voltage is

applied to leads. LEDs are made from compounds of gallium(Ga), aluminum(Al), arsenic(As) and

phosphorus(Ps) where these materials will form a P-type and N-type semiconductor layers as shown in

Figure 2.8.

2 . 2 . 1  L I G H T  E M I T T I N G  D I O D E  ( L E D )

An LED is a PN junction diode which made from semiconductor compound gallium arsenide phosphide. 

LEDs usually are used to emit the infrared radiation at wavelength of 850 nm . Figure 2.7 shows the 

physical structure and symbol of LED.

O p e r a t i o n  a n d  C h a r a c t e r i s t i c s  o f  L E D

25



2.  COMPONENTS IN FIBER OPTIC SYSTEM

When the LED is connected in a forward bias, the free electrons will move from N-type into holes in P-

type semiconductor. As the free electrons recombine with the holes in depletion region, the free

electrons will release an energy in the form of light (photons) and this process is called recombination.

The higher energy is released, the higher frequency of light is produced where the colors of light are

determined by the frequency (or wavelength) of lights.

These LEDs will emit incoherent light through spontaneous emission as the result of recombination of

electrons and holes. The LED may produces a light in the range of frequency from visible light to infrared

light spectrum as shown in Figure 2.9.

26



2.  COMPONENTS IN FIBER OPTIC SYSTEM

There are six major characteristics of LED which are;

S i x  M a j o r  C h a r a c t e r i s t i c s  o f  L E D

Peak wavelength is a wavelength at which the source emits the most power. It should be

matched to the wavelengths that are transmitted with the least attenuation through optical

fiber. The most common peak wavelength are 780, 850, and 1310 nm.

Peak Wavelength (𝝀𝒑)

Ideally, all the light emitted from an LED would be at the peak wavelength, but in practice

the light is emitted in a range of wavelengths centered at the peak wavelength. This range

is called the spectral width of the source as shown in Figure 2.10.

Spectral width (∆λ)

The pattern of emitted light can affect the amount of light that want to be coupled into

fiber. Therefore, the size of the emitting region should be similar to the diameter of the

fiber core as shown in Figure 2.11

Emission Pattern

01

02

03

𝜆𝑝= peak 

wavelength

Figure 2.10:  Spectral width of LED

27



2.  COMPONENTS IN FIBER OPTIC SYSTEM

The optimum output power usually achieved by coupling as much as possible the source’s

power into optical fiber. The output power of the source should be strong enough to

provide sufficient power to the detector at the receiving end, considering fiber attenuation,

coupling losses and others system constraint. In general, LEDs are less powerful than lasers.

Power

A source should turn on and off fast enough to meet the bandwidth limits of the system.

The speed is given according to a source’s Rise or fall time, the time required to go from

10% to 90% of peak power. LEDs have slower rise and fall times than lasers.

Speed

Linearity represents the degree to which the optical output is directly proportional to the

electrical current input. Most of light sources give little or no attention to linearity, making

them usable only for digital applications. This is because, analog applications require close

attention to linearity. Non-linearity in LEDs causes harmonic distortion in the analog signal

that is transmitted over an analog fiber optic link.

Linearity

04

05

06

28



2.  COMPONENTS IN FIBER OPTIC SYSTEM

2 . 2 . 2  I N J E C T I O N  L A S E R  D I O D E  ( I L D )

Same as LED, an ILD is also a PN junction diode which made

from semiconductor compounds. Figure 2.13 shows the

physical structure and symbol of injection laser diode.

LASER means “Light
Amplification by
Stimulated Emission of
Radiation”

A laser produces coherent and focused light beams by stimulated emission. It emits light spatially

coherence which allows a laser to be focused to a tight spot as shown in Figure 2.14. ILD usually is used

in optical transmitters for telecommunications and data communications

29



2.  COMPONENTS IN FIBER OPTIC SYSTEM

When the ILD is connected to power supply, the electrons inside special glasses, crystals, or gases atoms

will absorb the energy from electrical current and become “excited”. The excited electrons will jump from a

lower-energy orbit (or “ground” state) to a higher-energy orbit around atom’s nucleus, leaving many holes as

shown in Figure 2.15. Therefore, the atoms are unstable due to “excited” electrons.

To stabilize the atom, the absorbed energy need to be released by “excited” electrons. Therefore, the

“excited” electrons will jump back to their origin shell (into hole) and release their energy in a light

form. This process is called recombination (electrons release its energy and move back into holes).

Each electron that jumped, emits one photon of light. The bigger the jump, the higher the energy, then

the higher frequency of light is produced where the colors of light are determined by the frequency (or

wavelength) of lights. However, laser lights contains only one wavelength (one specific color) and laser

light is directional.

O p e r a t i o n  a n d  C h a r a c t e r i s t i c s  o f  I L D

30



2.  COMPONENTS IN FIBER OPTIC SYSTEM
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2.  COMPONENTS IN FIBER OPTIC SYSTEM

2 . 3  O P T I C A L  R E C E I V E R

Fiber optic receivers use two types of photo diode or photo-detector which are;

i. Positive Intrinsic Negative (PIN) Photodiode

ii. Avalanche Photodiode (APD)

The main function of the receiver is to convert optical signal into electrical signal. Figure 2.17 shows the 

optical receiver system where an optical receiver consists of:

i. Photo-detector (semiconductor photo diode) which produces current in response to incident light.

ii. Amplifier

iii. Signal Conditioning Circuitry

P h o t o - d e t e c t o r

2 . 3 . 1  P O S I T I V E  I N T R I N S I C  N E G AT I V E  ( P I N )  P H O T O D I O D E

A PIN photodiodes consist of a thick doped intrinsic layer sandwiched between thin p and n regions as 

shown in Figure 2.18. The major feature of PIN photodiode is that its intrinsic depletion layer, where the

absorption of photons (light) occurs. 

32



2.  COMPONENTS IN FIBER OPTIC SYSTEM

PIN photodiode is an intrinsic device that behaves similarly to an ordinary signal diode, but it generates

a photocurrent when light is absorbed in the intrinsic depleted region of the junction semiconductor. A

reverse bias potential is applied across the PIN diode to prevent the current from flowing in the

absence of light.

The working principle of any types of photodiode either PIN or APD diode, is based on the mechanism

of Photoelectric Effect. This effect shows that when the photons (light) strike the photodiode, it will

produce a couple of electrons-holes (photocurrent) as shown in Figure 2.19.

O p e r a t i o n  a n d  C h a r a c t e r i s t i c s  o f  P I N  P h o t o d i o d e

A PIN photodiode is operated by applying a small reverse-bias voltage (usually, 5V) because the

thickness of the depletion region is controlled by the thickness of the intrinsic layer, not by reverse

bias voltage. When a photon incident upon a semiconductor photodetector device, the energy of the

photon will be absorbed by the band gap if photon energy is more than band gap energy. As a result,

an electron-hole pair is generated across the band gap.

Since the intrinsic layer is naturally thick, most of the incident photons enter this layer and generate

electron-hole pairs. Then, holes will move toward the anode and electrons move toward the cathode,

and a photocurrent will be generated as shown in Figure 2.19.
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2.  COMPONENTS IN FIBER OPTIC SYSTEM

2 . 3 . 2  P O S I T I V E  I N T R I N S I C  N E G AT I V E  ( P I N )  P H O T O D I O D E

The APD photodiode structure is relatively similar to PIN photodiode structure. A guard ring is placed 

around the perimeter of the diode junction as the avalanche photodiode is operated under a high level

of reverse bias . This prevents surface breakdown mechanisms. Figure 2.20 shows the structure of APD 

photodiode. 

APD is a photodiode that internally amplifies the photocurrent by an avalanche  process. A large 

reverse-bias voltage (typically over 100 volts) is applied across the active region. This voltage causes the 

electrons  which is initially generated by the incident photons to accelerate as they move through the 

APD active region . 

As these electrons collide with other electrons in the semiconductor material, they  cause a fraction of 

them to become part of the photocurrent. This process is known as avalanche multiplication. Avalanche 

multiplication  continues to occur until the electrons move out of the active area.

• A PIN diode is the most  popular method of converting  the received light into an  electronic signal. 

Their  appearance is almost identical  to LEDs and lasers.

• They can be terminated with  ST, SC, and a variety of other  connectors or a pigtail.

• It uses a semiconductor  material, either germanium or  silicon.

C h a r a c t e r i s t i c s  o f  P I N  P h o t o d i o d e
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2.  COMPONENTS IN FIBER OPTIC SYSTEM

The working principle of Avalanche photodiode (APD) is very similar to PIN photodiode, but with only

one exception which is the addition to the APD device on a high intensity electric field region. In this

region, the primary electron-hole pairs which is generated by the incident photons are able to absorb

enough kinetic energy from the strong electric field to collide the atoms present in this region, thus

generating more electron-hole pairs.

This process of generating more than one electron-hole pair from one incident photon through the

ionization process is referred to as the avalanche effect as shown in Figure 2.21.

O p e r a t i o n  a n d  C h a r a c t e r i s t i c s  o f  A P D  P h o t o d i o d e
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List out THREE (3) main components in Fiber Optic Communication System.

EXERCISE 2.1

Why LED and ILD are mostly used in Fiber Optic Communication System? Explain.

EXERCISE 2.2

EXERCISE 2.3

What is the advantages of fiber optic cable?

EXERCISE 2.4

What are the importance requirements of a photodiode?

EXERCISE 2.5

Explain the operation of ILD with suitable diagram.

EXERCISE 2.6

Explain the operation of PIN photodiode with suitable diagram.

2.  COMPONENTS IN FIBER OPTIC SYSTEM

2 . 4  E X E R C I S E
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3. OPTICAL 
MEASUREMENT AND 
TESTING

I N T R O D U C T I O N

❑ Fiber Optic Test Procedure (FOTP)

❑ The safety rules when working with fiber

❑ Fiber optic test equipment

❑ Fiber optic measurement and test procedure 
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3.  OPTICAL MEASUREMENT AND TESTING

3 . 1 . 1  F I B E R  O P T I C  T E S T  P R O C E D U R E  ( F O T P )

Fiber optic measurements is measuring the power in the light coming out of the end of a fiber. The

most basic fiber optic measurement is optical power from the end of a fiber. The measurement may

be optical power from a test source, a transmitter or the input of receiver.

Fiber Optic Testing is used to evaluate the performance of fiber optic components, cable plants and

systems. As the components like fiber, connectors, splices, LED or laser sources, detectors and

receivers are being developed, testing confirms their performance specifications and helps

understand how they will work together. Designers of fiber optic cable plants and networks depend

on these specifications to determine if networks will work for the planned applications.

FOTP 

How Does  I t  

Work?

3 . 1  O P T I C A L  M E A S U R E M E N T
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3.  OPTICAL MEASUREMENT AND TESTING

3 . 1 . 2   T Y P E  O F  F I B E R  O P T I C  T EST  P R O C E D U R E  ( F O T P )

Fiber optic test procedure requires making several measurement with measurement with the most

common measurement parameter showed in figure below. For example Optical power, required for

measuring source power. The equipment required is fiber optic power meter. Therefore, the picture

below describes a summary about the test run performed and the equipment required. A summary

below refer to Fiber Optic Testing Requirements from Fiber Optic Association.
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3.  OPTICAL MEASUREMENT AND TESTING

STIC

3 . 1 . 3  I D E N T I F Y  T H E  SA F E T Y  R U L ES  W H E N  W O R K I N G  W I T H  F I B E R

According to Safety Rules For Fiber Optic in Fiber Optic Association, they are seven steps about safety 

rules when working with fiber.
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3.  OPTICAL MEASUREMENT AND TESTING

3 . 2  F I B E R  O P T I C  T E ST  E Q U I P M E N T

Optical fiber is one of the communication systems used in Malaysia in applying light sources. After

fiber optics cable are installed, they must be tested. Testing procedure is a process to verify

component and system specifications in a consistent manner. Therefore, testing fiber optics

requires special tools and instruments which must be chosen to be appropriate for the

components or cable plants being tested. The following is a list of equipment required for fiber

optic testing. Figure below credit to https://www.exfo.com/en/.
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3.  OPTICAL MEASUREMENT AND TESTING

3 . 3  O P T I C A L  P O W E R  M E A S U R E M E N T

The most basic fiber optic measurement is optical power from the end to a fiber. This measurement

is the basis for loss measurements as well as the power from a source or presented at a receiver.

Typically both transmitter and receivers have receptacles for fiber optic connector, so measuring the

power of a transmitter is done by attaching a test cable to the source and measuring the power at the

other end. At receivers side, one disconnects the cable attached to the receiver receptable and

measures the output with the meter. Figure 3.0 show about basic optical power measurement.

Measurement of optical power are expressed in units dBm. The “m” in dBm refer to the reference

power which is 1 milliwatt. This is Based on the TIA and IEC standards stated in the Fiber Optic

Association: Reference Guide dBm is used for power measurement.

dBm = 10 Log 
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑃𝑜𝑤𝑒𝑟

1𝑚𝑊

Refer to the standards from Fiber Optic Association FOA 3:Measuraing Optical Power In Fiber Optic 

Systems, this test will measure the optical power exiting the end of a fiber optic cable.  This test is 

commonly used to measure the coupled power of a fiber optic source in a transmitter, power into a 

receiver or for setting references for optical loss measurements.  

Figure 3.1 : Basic Optical Power Measurement
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3.  OPTICAL MEASUREMENT AND TESTING

EQUIPMENT NEEDED TO PERFORM 
MEASURING POWER
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3.  OPTICAL MEASUREMENT AND TESTING

TEST PROCEDURE TO
MEASURING POWER
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3 . 4  F I B E R  O P T I C  T E ST I N G

Testing of fiber cables installed on the premises is a compulsory procedure to enable the

system to work properly. After installation, test each fiber in all fiber optic cables for

verification of installation performance and in conformance with applicable standards.

According to NECA/FOA 301-2016 Standard for Installing and Testing Fiber Optics several

testing procedures can be performed. The procedure is Continuity Testing, Insertion Loss

Testing and Optical Time Domain Reflectometer.

3.  OPTICAL MEASUREMENT AND TESTING

3 . 4 . 1  C o n t i n u i t y  Te s t i n g

Data transmission system using fiber optic cable is a rapidly growing system in Malaysia.

Before installing the fiber optic cable that will form the network, a test needs to be done to

ensure it can transmit data without any attenuation. One such test is Continuity Testing.

Refer to NECA/FOA 301-2016 Standard for Installing and Testing Fiber Optics, Continuity

Testing is to determine that the fiber routing and/or polarization is correct and

documentation is proper. Perform continuity testing of optical fibers using a visual fiber

tracer, visual fault locator, Optical Loss Test Set, Power Meter and Source.
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3.  OPTICAL MEASUREMENT AND TESTING

CONTINUITY TESTING
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3 . 4 . 2  I n s e r t i o n  L o s s  Te s t i n g

Optical loss is a term used in many contexts in fiber optics. It simply means a reduction in

optical power for example the loss caused by a component or an entire cable. The

component could be a length of fiber, a splice, a connection made between two connectors

or a passive component like an attenuator splitter or switch. The cable could be a patch

cord or an installed cable plant.

The primary test for these is an insertion loss test, test that uses a test source and optical

power meter to measure the difference in power when the component is inserted in the test

setup. For a cable plant, the insertion loss test uses a test source and power meter to

simulate the transmitter and receiver of a communications link.

Variations of this test are used for practically every loss test in fiber optics. Insertion loss

test comes from the fact that one performs the test by inserting the components under test

between a test source and power meter. This test will measure the loss of a fiber optic cable

single mode or multimode including connector on each end individually as shown in the

figure below.

3.  OPTICAL MEASUREMENT AND TESTING

There are three types of testing under insertion loss testing. The testing is “0”dB reference

test, patch cord test (single-ended) and cable plant test (double-ended) . Option for “0” dB

reference are set before testing. Figure 3.2 shown about “0”dB reference test.

Figure 3.2 : Insertion Loss Test
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3.  OPTICAL MEASUREMENT AND TESTING

“0” dB REFERENCE TEST

Figure 3.3 : “0” dB Reference Test
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3.  OPTICAL MEASUREMENT AND TESTING

This test will measure the loss of a fiber optic cable, single mode or multimode, including

connectors on each end individually. Equipment needed to perform this test is test source,

power meter, launch reference cable and adapters. After that, set and match then the power

supply is given. Refer infographic below.

PATCHCORD TEST 
(SINGLE-ENDED)

The infographic described above is based on the FOA-02 standard. Next to describe the test

procedure, refer to the infographic on the site for performing a patch cord test (single-ended)
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TEST PROCEDURE

3.  OPTICAL MEASUREMENT AND TESTING

Figure 3.4 : Patchcord Test (Single-Ended)
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3.  OPTICAL MEASUREMENT AND TESTING

This test will measure the loss of an installed fiber optic cable plant, singlemode or

multimode, including the loss of all fiber, splices and connectors. The diagram below shows

the installation of equipment and fiber cables if performing double-ended testing. The

equipment needed and test procedure is same like patchcord test (single-ended) but there

are slight differences in the parts for the “0 dB” reference setting.

For set “0 dB” reference use 1 cable reference, 2 cable references and 3 cable references.

This procedure is made before the measurements is performed. The steps to create a “0 dB”

reference test are the same as discussed in the insertion loss test section.

CABLE PLANT TEST
(DOUBLE-ENDED)

Figure 3.5: Cable Plant (Doudle-Ended)
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3 . 4 . 3  O p t i c a l  T i m e  D o m a i n  R e f l e c t o m e t e r  Te s t i n g  ( O T D R )

Optical OTDR testing creates a snapshot of a fiber optic cable. This test is commonly used to

verify the quality of the installation and troubleshoot problems. OTDR testing requires

interpretation of the data acquired, called the trace or signature, by a skilled operator.

OTDR testing uses backscattered light from the optical fiber to create a diagram, called a

“trace” or “signature” of the cable plant being tested. The OTDR needs access to only one of

the optical fiber to perform testing, but reference cable are needed at both ends of the

cable plant to allow testing connectors on each of the cable. The diagram below shows the

equipment installation and testing using OTDR.

3.  OPTICAL MEASUREMENT AND TESTING

The infographic below describes the equipment required for testing using OTDR.
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TEST PROCEDURE 
FOR OTDR TESTING

3.  OPTICAL MEASUREMENT AND TESTING

Options for OTDR Testing :

Use of the receive reference cable is optional, it is required if the far end connector loss 
is to be measured and included in total cable plant loss

Testing at more than one wavelength maybe required. Longer wavelength testing is
often used to find stress related to installation problems. Traces may be compared for 
analysis.
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INFORMATION IN
OTDR TRACE 

3.  OPTICAL MEASUREMENT AND TESTING

Figure 3.7 : OTDR Trace

54



OTDR DISPLAY

3.  OPTICAL MEASUREMENT AND TESTING

The OTDR consists of a high power laser transmitter that sends a pulse of light down the fiber. Back-

scattered light and reflected light returns to the OTDR through the fiber and is directed to a sensitive

receiver through a coupler in an OTDR front end. For each measurement, the OTDR sends out a very

high power pulse and measures the light coming back over time. At any point in time, the light an

OTDR sees is the light scattered from the pulse passing through a region of the fiber.

Since it is possible to calibrate the speed of the pulse as it passes down the fiber from the index of

refraction of the glass in the core of the fiber, the OTDR can correlate what it sees in backscattered

light with an actual location in the fiber. Thus it can create a display of the amount of back scattered

light at any point in the fiber along its length. The diagram below shows an OTDR display

illustrating connector, fusion splice, fibre bend, mechanical splice and the end of connection

on an OTDR.

Figure 3.8 : OTDR Display 1
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ANOTHER 
OTDR DISPLAY

3.  OPTICAL MEASUREMENT AND TESTING

Backscattered

Figure 3.9 : OTDR Display 1
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3.  OPTICAL MEASUREMENT AND TESTING

EXAMPLE 3.1

List FOUR (4) types of fiber optic

test equipment.

Identify FOUR (4) safety rules

when working with fiber optic

EXAMPLE 3.2
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3.  OPTICAL MEASUREMENT AND TESTING

The Optical Time Domain Reflectometer (OTDR) used to find bad splices or Optical Return

Loss (ORL) problems in connectors and splices in a single mode cable plant. Figure A1, show

an Optical Time Domain Reflectometer (OTDR) display for 1 minute duration of a fiber optic

system. It is very important to ensure that all fiber optic cables used are in good condition,

therefore demonstrate the procedures for Optical Time Domain Reflectometer (OTDR)

testing and draw the output graph of Optical Time Domain Reflectometer (OTDR) which

indicates all the parameters mentioned.

Near-end 

reflection Splice Loss Connector Macro Bending Fiber EndSplitter

Figure A1

EXAMPLE 3.3
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SOLUTION

3.  OPTICAL MEASUREMENT AND TESTING

Demonstrate SIX (6) procedures for Optical Time Domain Reflectometer (OTDR) testing

used in fiber optic communication system.

Turn on OTDR and allow time to warm-up

Set parameters on OTDR appropriate for the 
cable plant being tested (range, wavelength, 
number of averages, etc.)

Set Clean all connectors and mating adapters.

Clean all connectors and mating adapters.

Attach launch reference cable to OTDR and to 
cable plant under test.

Set Clean all connectors and mating adapters.

EXAMPLE 3.4
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SOLUTION

3.  OPTICAL MEASUREMENT AND TESTING

Figure A2 shows an Optical Time Domain Reflectometer (OTDR) display for fiber

optic transmission system. Interpret the diagram to determine the event

labelled A,B,C,D and E.

Figure A2
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Attenuation in the 
fiber (dB/km)

Loss in a fusion 
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break noise
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EXAMPLE 3.5

Connector loss (dB)
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3.  OPTICAL MEASUREMENT AND TESTING
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