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OPTICAL COMMUNICATION (EEC-701) –UNIT-V 

 

LINK DESIGN 
POINT TO POINT LINKS:     

 

 
 

The simplest transmission link is a point line that has a transmitter on one end and a receiver on the other. 

This type of link places the least demand on optical fiber technology and thus sets the basis for examining more complex system 

architecture. The design of an optical link involves many interrelated variables among the fiber, source and photo detector operating 

characteristics, so that the actual link design and analysis may require several iterations before they are completed satisfactorily. 

The following key system requirements are needed in analyzing a link: 

1. The desired transmission distance 

2. The data rate or channel bandwidth 

3. The bit error rate (BER) 

To fulfill these requirements the designer has a choice of the following components and their associated characteristics: 

1. Multimode or single mode optical fiber 

a). Core size 

b). Core refractive index profile 

c). Bandwidth or dispersion 

d). Attenuation 

e). Numerical aperture or mode field diameter 

2. LED or Laser diode optical source 

a). Emission wavelength 

b). Spectral line width 

c). Output power 

d). effective radiating area 

e). Emission pattern 

f). number of emitting mode 

3. PIN or Avalanche photodiode 

a). Responsivity 

b). Operating wavelength 

c). speed 

d). Sensitivity 

 

LINK POWER BUDGET:    

 

 

Link Design: Point to Point Links, Power Penalties, Error control, Multichannel Transmission Techniques, 

WDM concepts and component overview, OTDR and optical Power meter 
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The optical power loss model for a point to point link is shown in figure. The optical power received at the photo detector depends on 

the amount of light coupled into the fiber and losses occurring in the fiber and at the connectors and splices. The link loss budget is 

derived from the sequential loss contribution of each element in the link. 

 𝒍𝒐𝒔𝒔 = 𝟏𝟎 𝐥𝐨𝐠𝟏𝟎
𝑷𝑶𝑼𝑻

𝑷𝑰𝑵
 

the link loss budget simply considers the total optical power loss PT that is allowed between the light sources and the photo detector, 

and allocates this loss to cable attenuation, connector loss, splice loss, and system margin. Thus if PS is the optical power emerging 

from the end of a fiber fly lead attached to the light source or from a source coupled connector, then 

 𝑃𝑇 = 𝑃𝑆 − 𝑃𝑅 

  𝑃𝑇 = 2𝐿𝐶 + 𝛼𝐿 + 𝑠𝑦𝑠𝑡𝑒𝑚 𝑚𝑎𝑟𝑔𝑖𝑛 

where, 𝐿𝐶: connector loss 

 𝛼: Attenuation in dB/km  

 L: transmission distance 

 

RISE TIME BUDGET: A rise time budget analysis is a convenient method for determining the dispersion limitation of an optical 

fiber link. This is particularly useful for digital systems. In this approach, the total rise time 𝑡𝑠𝑦𝑠of the link is the root sum square of the 

rise times for each contributor 𝑡𝑖to the pulse rise time degradation:  

 𝑡𝑠𝑦𝑠 = (∑ 𝑡𝑖
2𝑁

𝑖−1 )1 2⁄
           (1) 

The four basic elements that may significantly limit system speed are the transmitter rise time𝑡𝑡𝑥, and group velocity dispersion 

(GVD) rise time 𝑡𝐺𝑉𝐷of the fiber, the modal dispersion rise time 𝑡𝑚𝑜𝑑of the fiber, and the receiver rise time 𝑡𝑟𝑥. 

The rise times of transmitters and receivers are generally known to the designer. The transmitter rise time is attributable primarily to 

the light source and its drive circuitry. The receiver rise time results from the photodetector response and the 3-dB electrical 

bandwidth of the receiver front end. The response of the receiver front end can be modeled by a first-order low pass filter havibg a 

step response: 

 𝑔(𝑡) = [1 − exp(−2𝜋𝐵𝑟𝑥𝑡)]𝑢(𝑡) 

where, 𝑅𝑟𝑥is the 3-dB electrical bandwidth of the receiver and u(t) is the unit step function which is 1 for t≥0 and 0 for t<0. The rise 

time 𝑡𝑟𝑥 of the receiver is usually defined as the time interval between g(t)=0.1 and g(t)=0.9. This is known as the 10- to 90-percent 

rise time. Thus, if 𝐵𝑟𝑥is given in megahertz, then the receiver front end rise time in nanoseconds is 

 𝑡𝑟𝑥 =
350

𝐵𝑟𝑥
             (2) 

Multimode fibers experience modal distributions at fiber – to – fiber joints owing to misaligned joints, different core index profiles in 

each fiber, and/or different degrees of mode mixing in the individual fibers. Determining the fiber rise times resulting from GVD and 

modal dispersion then becomes more complex than for the case of a single uniform fiber. 

The fiber rise time 𝑡𝐺𝑉𝐷resulting from GVD over a length L can be approximated as: 

 𝑡𝐺𝑉𝐷 ≈ |𝐷|𝐿𝜎𝜆             (3) 

where, 𝜎𝜆 is the half power spectral width of the source. 

The difficulty in predicting the bandwidth of a series of concatenated multimode fibers arises from the observation that the total route 

bandwidth can be a function of the order in which fibers are joined. 

A variety of empirical expressions for modal dispersion have thus been developed. From practical field experience, it has been found 

that the bandwidth 𝐵𝑀 in a link of length L can be expressed to a reasonable approximation by the empirical relation: 

  𝐵𝑀(𝐿) =
𝐵0

𝐿𝑞             (4) 

Using equation (4) for the 3-dB optical bandwidth of the fiber link and letting 𝑡𝐹𝑊𝐻𝑀be the rise time resulting from modal dispersion, 

then  

 𝑡𝑚𝑜𝑑 =
0.44

𝐵𝑀
=

0.44𝐿𝑞

𝐵𝑜
           (5) 

If 𝑡𝑚𝑜𝑑is expressed in nanoseconds and 𝐵𝑀is given in megahertz, then 

 𝑡𝑚𝑜𝑑 =
440

𝐵𝑀
=

440𝐿𝑞

𝐵0
           (6) 

Therefore, total system rise time will be: 

 𝑡𝑠𝑦𝑠 = [𝑡𝑡𝑥
2 + 𝑡𝑚𝑜𝑑

2 + 𝑡𝐺𝑉𝐷
2 + 𝑡𝑟𝑥

2]1 2⁄   

 𝒕𝒔𝒚𝒔 = [𝒕𝒕𝒙
𝟐 + (

𝟒𝟒𝟎𝑳𝒒

𝑩𝟎
)

𝟐

+ 𝑫𝟐𝝈𝝀
𝟐𝑳𝟐 + (

𝟑𝟓𝟎

𝑩𝒓𝒙
 )

𝟐

]
𝟏 𝟐⁄

          (7) 

 

POWER PENALITIES: 

The optical power falling on the photo detector is a clearly defined function of time within the statistical nature of the quantum 

detection process. In reality, a number of signal impairment that is inherent in optical fiber transmission system can degrade the link 
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performance. When any of these impairment effects are present in a link, there is a reduction in the signal –to –noise ratio (SNR) of 

the system from the ideal case. 

 

The reduction in SNR is known as power penalty for those effects and generally is expressed in decibels. Thus, if SNRideal and SNR 

impair are the signal-to-noise ratios for the ideal and impaired cases, then the power penalty PPx for impairment x ig given by 

 

PPx=-10 log 
𝑆𝑁𝑅 𝑖𝑚𝑝𝑎𝑖𝑟

𝑆𝑁𝑅 𝑖𝑑𝑒𝑎𝑙
 

 

When receiver thermal noise dominates, then the 1 and 0 noise powers are equal and independent of the signal level. In this case, 

letting P0=0 and P1=2Pave, the power penalty is: 

 𝑃𝑃𝐸𝑅 = −10𝑙𝑜𝑔
𝑃1−𝐸𝑅−𝑃0−𝐸𝑅

𝑃1
= −10𝑙𝑜𝑔

𝑟𝑒−1

𝑟𝑒+1
 

 

MODAL NOISE: 

    

When light from a coherent laser is launched into a multimode fiber, normally a number of propagating modes of the fiber are excited. 

As long as these modes retain their relative phase coherence, the radiation pattern seen at the end of the fiber takes on the form of a 

speckle pattern. This is the result of constructive and destructive interference between propagating modes at any given place. The 

number of speckles in the pattern approximates the number of propagating modes. As the light travels along the fiber, a combination 

of mode-dependent losses, changes in phase between modes, and fluctuations in the distribution of energy among the various fiber 

modes will change the modal interference and result in a different speckle pattern. Modal or speckle noise occurs when any losses that 

are speckle-pattern-dependent are present in a link. 

The modal distortion resulting from interference between a single pair of modes will appear as a sinusoidal ripple of frequency, 

 𝑣 = 𝛿𝑇
𝑑𝑣𝑠𝑜𝑢𝑟𝑐𝑒

𝑑𝑡
 

where, 
𝑑𝑣𝑠𝑜𝑢𝑟𝑐𝑒

𝑑𝑡
 is the rate of change of optical frequency. 
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MODE PARTITION NOISE:    

 

 
 

Mode-partition noise is associated with intensity fluctuations in the longitudinal modes of a multimode laser diode; that is, the side 

modes are not sufficiently suppressed. This is the dominant noise in single-mode fibers when using multimode devices, such as FP 

lasers. Intensity fluctuations can occur among the various modes in a multimode laser even when the total optical output is constant, as 

exhibited in figure. This power distribution can vary significantly both within a pulse and from pulse to pulse. 

Mode partitioned noise becomes more pronounced for higher bit rates. The errors due to mode-partition noise can be reduced and 

sometimes eliminated by setting the bias point of the laser above threshold. However, raising the bias power level reduces the 

available signal pulse power, thereby reducing the available signal-to-thermal-noise ratio. 

 

CHIRPING: 

A laser which oscillates in a single longitudinal mode under CW operation may experience dynamic line broadening when the 

injection current is directly modulated. This line broadening is a frequency ‘chirp’ associated with modulation-induced changes in the 

carrier density. Laser chirping can lead to significant dispersion effects for intensity modulated pulses when the laser emission 

wavelength is displaced from the zero-dispersion wavelength of the fiber. This is particularly true in systems operating at 1550nm, 

where dispersion in G.652 non-dispersion-shifted fibers is much greater than at 1300nm. 

 

REFLECTION NOISE:  
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When light travels through a fiber link, some optical power gets reflected at refractive index discontinuities such as in splices, 

couplers, and filters, or at air glass interfaces in connectors. The reflected signals can degrade both transmitter and receiver 

performance. IN high speed systems, this reflected power causes optical feedback which can induce laser instabilities. These 

instabilities show up as either intensity noise (output power fluctuations), jitter (pulse distortion), or phase noise in the laser, and they 

can change its wavelength, line width, and threshold current. Since they reduce the signal-to-noise ratio, these effects cause two types 

of power penalties in receiver sensitivities. First, as shown in figure, multiple reflection points set up an interferometric cavity that 

feeds power back into the laser cavity, thereby converting phase noise into intensity noise. A second effect created by multiple paths is 

the appearance of spurious signals arriving at the receiver with variable delays, thereby causing intersymbol interference as shown in 

figure. 

 

ERROR CONTROL: 

 

 
 

In any digital transmission system, errors are likely to occur there is a significant signal-to-noise ration to provide a low bit error rate. 

The acceptance of a certain level of errors depends on the network user.  

To control errors and to improve the reliability of a communication line, first it is necessary to be able to detect the errors and then 

either to correct them or retransmit the information. Error detection methods encode the information stream to have a specific pattern. 

If segments in the received data stream violate this pattern, then errors have occurred. 

The two basic schemes for error correction are automatic repeat request (ARQ) and forward error correction (FEC). ARQ technique 

uses a feedback channel between the receiver and transmitter to adds at least one round trip time of latency, ARQ may not be feasible 

for applications in which data must arrive within a certain time in order to be useful. Forward error correction avoids the shortcomings 

of ARQ for high bandwidth optical networks requiring low delays. In FEC techniques, redundant information is transmitted along 

with the original information. If some of the original data is lost or received in error, the redundant information is used to reconstruct 

it. 

 

CONCEPT OF ERROR DETECTION:     
An error in a data stream can be categorized as a single-bit error or a burst error. A single-bit error means that only one bit of a data 

unit (e.g. a byte, code word, a packet, or a frame) is changed from a 0 to a 1, or vice versa. Single bit errors are not very common in a 

typical transmission system, since most bit-corrupting noise effects last longer than a bit period. 

A burst error refers to the fact that more than a single bit in a data unit has changed. This type of error happens most often in a typical 

transmission system since the duration of a noise burst lasts over several bit periods. A burst error does not necessarily change every 

bit in a data segment that contains errors. As shown in fig, the length of an error burst is measured from the first corrupted bit to the 

last corrupted bit. Not all the bits in this particular segment were damaged.  

 

LINEAR ERROR DETECTION CODES: 

The single parity check code is one of the simplest error detection methods. This code forms a code word from the combination of k 

information bits and a single added check bit. If the k information bits contain an odd number of 1 bit, then the check bit is set to 1; 

otherwise it is set to 0. This procedure ensures that the code word has an even number of ones, which is called having an even parity. 

Hence the check bit is called a parity bit. The single parity check code thus can detect when an odd number of errors have occurred in 

a code word. However, if the received code word contains an even number of errors, this method will fail to detect the errors. The 

single parity check code is called a linear code because the parity bit bk+1 is calculated as the modulo 2 sum of the k information bits, 

that is, 

 𝑏𝑘+1 = 𝑏1 + 𝑏2 + ⋯ … . +𝑏𝑘  𝑚𝑜𝑑𝑢𝑙𝑜 2 

where 𝑏1, 𝑏2, … … . , 𝑏𝑘 are the information bits. 
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A more general linear code with stronger error detection capabilities is called a binary linear code. This linear code adds n-k check bits 

to a group of k information bits, thereby forming a code word consisting of n bits. Such a code is designated by the notation (n,k). One 

example is the (7,4) linear hamming code in which the first four bits of a code word are the information bits 𝑏1, 𝑏2, 𝑏3, 𝑏4 and the next 

three bits 𝑏5, 𝑏6, 𝑏7 are the check bits. Among the wide variety of Hamming codes, this particular one can detect all single and double 

bit errors, but fails to detect some triple errors. 

 

POLYNOMIAL CODES:    
 

 
 

Polynomial codes are used widely for error detection, since these codes are easy to implement using shift register circuits. The term 

polynomial code comes from the fact that the information symbols, the code words, and the error vector are represented by 

polynomials with binary coefficients. Here if a transmitted code word has n bits, then the error vector is defined by (𝑒1, 𝑒2, … . . , 𝑒𝑛), 

where 𝑒𝑗=1 if an error has occurred in the jth transmitted bit and 𝑒𝑗=0 otherwise. Since, the encoding process generates check bits by 

means of a process called a cyclic redundancy check (CRC), a polynomial code also is known as a CRC code. 

The cyclic redundancy check technique is based on a binary division process involving the data portion of a packet and a sequence of 

redundant bits. Figure outlines the following basic CRC procedures: 

 STEP 1. At the sender end a string of n zeroes is added to the data unit on which error detection will be performed. For example, 

this data unit may be a packet (a grouping of data plus routing and control bits). The characteristics of the redundant bits are such 

that the result (packet plus redundant bits) is exactly divisible by a second predetermined binary number. 

 STEP 2. The new enlarged data unit is divided by the pre determined divisor using binary division. If the number of bits added to 

the data unit is n, then the number of bits in the predetermined divisor is n+1. The remainder which results from this division is 

called the CRC remainder or simply the CRC. The number of digits in this remainder is equal to n. For example, if n=3 it may be 

binary number 101. Note that the remainder also might be 000, if the two numbers are exactly divisible. 

 STEP 3: The n zeroes that were added to the data unit in step 1 are replaced by the n-bit CRC. The composite data unit then is 

sent through the transmission channel. 

 STEP 4: When the data unit plus the appended CRC arrives at the destination, the receiver divides this incoming composite unit 

by the same divisor that was used to generate the CRC. 

 STEP 5: If there is no division after this division occurs, then the assumption is that there are no errors in the data unit and it is 

accepted by the receiver. A remainder indicates that some bits became corrupted during the transmission process and therefore the 

data unit is rejected. 

 

ERROR CORRECTION: Error correction may be done by the use of redundancy in the data stream. With this method, extra bits are 

introduced into the raw data stream at the transmitter on a regular and logical basis and are extracted by the receiver. These digits 

themselves convey no information but allow the receiver to detect and collect a certain percentage of errors in the information-bearing 

bits. The degree of error free transmission that can be achieved depends on the amount of redundancy introduced. 

The method of introducing redundant bits into the information stream at the transmitter for error correcting purposes is called forward 

error correction (FEC). The most popular error-correcting codes are cyclic codes, such as reed-Solomon (RS) codes. These codes 

have redundancy to blocks of k data symbols each of which is s bits long, for example, s=8. The codes are designated by the notation 

(n,k) where n equals the number of original information symbols k plus the number of redundant symbols r. For a given symbol size s, 

the maximum length of a Reed-Solomon code is n=2S-1. 

A Reed Solomon decoder can correct up to t symbol errors, where 2t = n-k.  

 

MULTICHANNEL TRANSMISSION TECHNIQUES: 
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In any transmission, we need to send multiple analog signals over the same fiber. To do this, one can employ a multiplexing technique 

where a number of baseband signals are superimposed electronically on a set of N subcarriers that have different 

frequencies𝑓1, 𝑓2, … . . , 𝑓𝑁. These modulated subcarriers are then combined electrically through frequency division multiplexing (FDM) 

to form a composite signal that directly modulates a single optical source. Methods for achieving this include vestigial-sideband 

amplitude modulation (VSB-AM), frequency modulation (FM), and subcarrier multiplexing (SCM). 

Of these, AM is simple and cost effective in that it is compatible with the equipment interfaces of a large number of CATV customers, 

but its signal is very sensitive to  noise and non linear distortion. Although FM requires a larger bandwidth than AM, it provides a 

higher signal-to-noise ratio and is less sensitive to source nonlinearities. Microwave SCM operates at higher frequencies than AM or 

FM and is an interesting approach for broadband distribution of both analog and digital signals. 

 

MULTICHANNEL AMPLITUDE MODULATION: 

 
 

Figure depicts the technique for combining N independent messages. An information bearing signal on channel I amplitude modulates 

a carrier wave that has a frequency 𝑓𝑖, where i =1, 2….N. An RF power combiner then sums these N amplitude-modulated carriers to 

yield a composite frequency-division-multiplexed (FDM) signal which intensity-modulates a laser diode. Following the optical 

receiver, a bank of parallel band pass filters separates the combined carriers into individual channels. The individual message signals 

are recovered from the carriers by standard RF techniques. 

For a large number of FDM carriers with random phases, the carriers add on a power basis. Thus, for N channels the optical 

modulation index m is related to the per-channel modulation index 𝑚𝑖by   

𝒎 = (∑ 𝒎𝒊
𝟐

𝑵

𝒊=𝟏

)

𝟏
𝟐⁄

 

If each channel modulation index 𝑚𝑖 has the same value 𝑚𝑐, then, 

𝒎 = 𝒎𝒄𝑵𝟎.𝟓 

As a result, when N signals are frequency-multiplexed and used to modulate a signal optical source, the carrier to noise ration of a 

single channel is degraded by 10logN. If only a few channels are combined, the signals will add in voltage rather than power, so that 

the degradation will have 20logN characteristics. 

 

MULTICHANNEL FREQUENCY MODULATION:  

 
The use of AM-VSB signals for transmitting multiple analog channels is, in principle, straightforward and simple. However, it has a 

C/N requirement (or, equivalently, for AM, an S/N requirement) of at least 400 dB for each AM channel, which places very stringent 

requirements on laser and receiver linearity. An alternative technique is frequency modulation (FM), wherein each subcarrier is 
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frequency-modulated by a message signal. This requires a wider bandwidth (30MHz versus 4MHz for AM), but yields a signal-to-

noise ratio improvement over the carrier-to-noise ratio. 

The S/N at the output of an FM detector is much larger than the C/N at the input of the detector. The improvement is given by: 

 (
𝑆

𝑁
)

𝑜𝑢𝑡
= (

𝐶

𝑁
)

𝑖𝑛
+ 10𝑙𝑜𝑔 [

3

2

𝐵𝑒

𝑓𝑣
(

∆𝑓𝑝𝑝

𝑓𝑣
)

2

] + 𝑤 

where  𝐵𝑒 is the required bandwidth, ∆𝑓𝑝𝑝is the peak-to-peak frequency deviation of the modulator, 𝑓𝑣 is the highest video frequency, 

and w is the weighting factor used to account for the non uniform response of the eye pattern to white noise in the video bandwidth. 

 

SUBCARRIER MULTIPLEXING:   

 
 

 The term subcarrier multiplexing (SCM) is used to describe the capability of multiplexing both multichannel analog and digital 

signals within the same system. 

Figure shows the basic concept of an SCM system. The input to transmitter consists of a mixture of N independent analog and digital 

baseband signals. These signals can carry either voice, data, video, digital audio, high-definition video, or any other analog or digital 

information. Each incoming signal 𝑠𝑖(𝑡) is mixed with a local oscillator (LO) having a frequency𝑓𝑖. The local oscillator frequencies 

employed are in 2-to-8-GHz range and are known as subcarriers. Combining the modulated subcarriers gives a composite frequency-

division-multiplexed signal which is used to drive a laser diode. 

At the receiving end, the optical signal is directly detected with a high speed wideband InGaAs pin photo diode and reconverted to a 

microwave signal. For amplifying the received microwave signal, one can use a commercially available wideband low-noise amplifier 

or a pin-FET receiver.  

 

RF OVER FIBER: 

Radio frequency (RF) signals at microwave and millimeter-wave frequencies are used in applications such as radars, satellite links, 

broadband terrestrial radios, and cable television networks. The sign ranges include the 0.3-to-3-GHz ultra high frequency (UHF) 

band, the 3-to-30 GHz super high frequency (SHF) region, and the 30-to-300 GHz extremely high frequency (EHF) range. 

Traditionally, these RF systems used wireless or coaxial cable links for transporting the microwave signals from a receiving element 

(for example, an antenna) to a signal processing center, which could be located hundreds of meters away. Optical fibers offer certain 

disadvantages over coaxial cables, such as a smaller size, lower losses, wider bandwidths, and insensitivity to electromagnetic 

interference effects. Compared to coaxial lines, these factors allow easier development of fiber links over greater distances. 

Consequently, here has been much interest in developing and deploying high speed optical fiber links for transporting microwave and 

millimeter-wave signals in their original analog format. 

The methods for transmitting microwave analog signals over an optical fiber link have become known as RF-over-fiber techniques. 

 

OVERVIEW OF WDM: 

Simple point to point connections contained a single fiber with one light source at the transmitting end and one photo detector at the 

receiving end. Signals from different light sources used separate and uniquely assigned optical fibers. Since the spectral width of a 

typical laser source occupies only a narrow slice of optical bandwidth, these simplex systems greatly underutilize the larger bandwidth 

capacity of installed point-to-point transmission links. This was achieved with wavelengths that were separated from several tens up to 

200 nanometers in order not to impose strict wavelength-tolerance requirements on the different laser sources and the receiving 

wavelength separating components at the receiving end. 
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OPERATIONAL PRINCIPLES OF WDM:    
 

 
 

A characteristic of WDM is that the discrete wavelengths from an orthogonal set of carriers which can be separated, routed, and 

switched without interfering with each other. This isolation between channels hold as long as the total power intensity is kept 

sufficiently low to prevent nonlinear effects such as stimulated Brillouin scattering and four wave mixing processes from degrading 

the link performance.  

Figure shows the implementation of passive and active components in a typical WDM link containing various types of optical 

amplifiers. At the transmitting end there are several independently modulated light sources, each emitting signals at a unique 

wavelength. Here, a multiplexer is needed to combine these optical outputs into a continuous spectrum of signals and couple them 

onto a single fiber. At the receiving end a demultiplexers is required to separate the optical signals into appropriate detection channels 

for signal processing. 

Figure shows there are many independent operating regions across the spectrum ranging from the O-band through the L-band in which 

narrow-line width optical sources can be used simultaneously. To find the optical bandwidth corresponding to a particular spectral 

width in these regions, we use the fundamental relationship, 𝑐 = 𝜆𝑣, which relates the wavelength λ to the carrier frequency 𝑣, where 

c is the speed of light. Differentiating this we have for∆𝜆 ≪ 𝜆2: 

 |∆𝑉| =
𝐶

𝜆2
|∆𝜆| 

Where, the frequency deviation ∆𝑉 corresponds to the wavelength deviation ∆𝜆 around λ. 

 

OPTICAL POWER MEASUREMENTS: 

Optical power measurement is the most basic function in fiber optic methodology. However, this parameter is not a fixed quantity and 

can vary as a function of other parameters such as time, distance along a link, wavelength, phase and polarization. 

 

DEFINITION OF OPTICAL POWER: 

To get an understanding optical power, let us look at its physical basis and how it relates to other optical quantities such as energy, 

intensity and radiance. 

 Light particles called photons, have a certain energy associated with them, which changes with wavelength. The relationship 

between the energy E of a photon and its wavelength λ is given by the equation 𝐸 = ℎ𝑐/𝜆 which is known as Planck’s Law. 

In terms of wavelength (measured in terms of 𝜇 m), the energy in electron volts is given by expression 𝐸(𝑒𝑣) =
1.2406/𝜆(𝜇𝑚). 

 Optical power P measures the rate at which photons arrive at a detector. This, it is a measure of energy transfer per time. 

Since, the rate of energy transfer varies with time, the optical power is a function of time. It is measured in watts or joules per 

second(J/s). 

 Radiance (or brightness), is a measure, in watts, of how much optical power radiates into a unit solid angle per unit of 

emitting surface. 

 

OPTICAL POWER METERS: 

The function of an optical power meters is to measure total power over a selected wavelength band. Some form of optical power 

detection is in almost every piece of light wave test equipment. Handheld instruments come in a wide variety of types with different 

levels of capabilities. Multi-wavelength optical power meters using several photo detectors are the most common instruments for 

measuring optical signal power levels. Usually the meter outputs are given in dBm (where 0dBm=1mw) or (dB𝜇 = 1𝜇W). 

For example, using a Ge photo detector typically allows a measuring range of +18 to -60 dBm in the 780-to-1600-nm wavelength 

band, whereas an InGaAs photo detector allows a measuring range of +3 to -73dBm in the 840-to-1650-nm wavelength band. In each 

case, the power measurements can be made at a number of calibrated wavelengths. User-selectable threshold settings can let the 

instrument show a pass/fail on a built-in display. An RS-232 interface together with application software allows a user to download 

measurements and view, export, or print them in either tabular or graphic form. 


