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	1. MULTIPLEXING
The purpose of  multiplexing is to share the bandwidth of a single
transmission channel among several users. Two multiplexing methods
are commonly used in fiber optics:
1. Time-division multiplexing (TDM)
2. Wavelength-division multiplexing (WDM)
A. Time-Division Multiplexing (TDM)
In time-division multiplexing, time on the information channel, or fiber, is shared
among the many data sources. The multiplexer MUX can be described as a
type of “rotary switch,” which rotates at a very high speed, individually
connecting each input to the communication channel for a fixed period of time.
The process is reversed on the output with a device known as a demultiplexer,
or DEMUX. After each channel has been sequentially connected, the process
repeats itself. One complete cycle is known as a frame. To ensure that each
channel on the input is connected to its corresponding channel on the output,
start and stop frames are added to synchronize the input with the output. TDM
systems may send information using any of the digital modulation schemes
described (analog multiplexing systems also exist).
 


	2. The amount of  data that can be transmitted using TDM is given by the
MUX output rate and is defined by :
MUX output rate = N × Maximum input rate
 


	3. where N is  the number of input channels and the maximum input rate is the
highest data rate in bits/second of the various inputs. The bandwidth of the
communication channel must be at least equal to the MUX output rate. Another
parameter commonly used in describing the information capacity of a TDM
system is the channel-switching rate. This is equal to the number of inputs
visited per second by the MUX and is defined as;
Channel switching rate = Input data rate × Number of channels
Exercise 3.1 :
A digital MUX operates with 8 sources. The rate of data in each source is 1000
bytes/s. Assume that 8-bits-per-byte data is transmitted byte by byte.
1. What is the data rate of the MUX output?
2. What is the channel switching rate?
 


	4. B. Wavelength-Division Multiplexing  (WDM)
In wavelength-division multiplexing, each data channel is transmitted using a
slightly different wavelength (different color). With use of a different wavelength
for each channel, many channels can be transmitted through the same fiber
without interference. This method is used to increase the capacity of existing
fiber optic systems many times. Each WDM data channel may consist of a
single data source or may be a combination of a single data source and a TDM
(time-division multiplexing) and/or FDM (frequency-division multiplexing) signal.
Dense wavelength-division multiplexing (DWDM) refers to the transmission of
multiple closely spaced wavelengths through the same fiber. For any given
wavelength λ and corresponding frequency f, the International
Telecommunications Union (ITU) defines standard frequency spacing Δf as 100
GHz, which translates into a Δλ of 0.8-nm wavelength spacing.
 


	5. Wavelength-division multiplexing
This follows  from the relationship
 


	6. The couplers used  for wavelength-division multiplexing (WDM) are
designed specifically to make the coupling between ports a function of
wavelength. The purpose of these couplers is to separate (or combine)
signals transmitted at different wavelengths. Essentially, the
transmitting coupler is a mixer and the receiving coupler is a wavelength
filter. Wavelength-division multiplexers use several methods to separate
different wavelengths depending on the spacing between the
wavelengths. Separation of 1310 nm and 1550 nm is a simple operation
and can be achieved with WDMs using bulk optical diffraction gratings.
Wavelengths in the 1550-nm range that are spaced at greater than 1 to
2 nm can be resolved using WDMs that incorporate interference filters.
An example of an 8-channel WDM using interference filters is given in
Figure 8-38. Fiber Bragg gratings are typically used to separate very
closely spaced wavelengths in a DWDM system (< 0.8 nm).
 


	7. channel WDM
C. Dense  Wavelength-Division Multiplexing (DWDM)
Erbium-Doped Fiber Amplifiers (EDFA )
DWDM systems operate in the 1550-nm window because of the low
attenuation characteristics of glass at 1550 nm and the fact that erbium-
doped fiber amplifiers (EDFA) operate in the 1530-nm–1570-nm range.
Commercially available systems today can multiplex up to 128 individual
wavelengths at 2.5 Gb/s or 32 individual wavelengths at 10 Gb/s
 


	8. Erbium-doped fiber amplifiers  (EDFA)—The EDFA is an optical amplifier
used to boost the signal level in the 1530-nm to 1570-nm region of the
spectrum. When it is pumped by an external laser source of either 980
nm or 1480 nm, signal gain can be as high as 30 dB (1000 times).
Because EDFAs allow signals to be regenerated without having to be
converted back to electrical signals, systems are faster and more
reliable. When used in conjunction with wavelength-division
multiplexing, fiber optic systems can transmit enormous amounts of
information over long distances with very high reliability
 


	9. Fiber Bragg gratings—Fiber  Bragg gratings are devices that are used for
separating wavelengths through diffraction, similar to a diffraction
grating (see Figure 8-40). They are of critical importance in DWDM
systems in which multiple closely spaced wavelengths require
separation. Light entering the fiber Bragg grating is diffracted by the
induced period variations in the index of refraction. By spacing the
periodic variations at multiples of the half-wavelength of the desired
signal, each variation reflects light with a 360° phase shift causing a
constructive interference of a very specific wavelength while allowing
others to pass. Fiber Bragg gratings are available with bandwidths
ranging from 0.05 nm to >20 nm. Fiber Bragg grating are typically used
in conjunction with circulators, which are used to drop single or multiple
narrow- band WDM channels and to pass other “express” channels (see
Figure 8-41). Fiber Bragg gratings have emerged as a major factor, along
with EDFAs, in increasing the capacity of next- generation high-
bandwidth fiber optic systems
 



	11. DWDM and EDFA  technology is used to transmit a number of different
channels of high-bandwidth information over a single fiber. As shown, n-
individual wavelengths of light operating in accordance with the ITU grid
are multiplexed together using a multichannel coupler/splitter or
wavelength-division multiplexer. An optical isolator is used with each
optical source to minimize troublesome back reflections.
A tap coupler then removes 3% of the transmitted signal for wavelength
and power monitoring. Upon traveling through a substantial length of
fiber (50-100 Km), an EDFA is used to boost the signal strength. After a
couple of stages of amplifications, an add/drop channel consisting of a
fiber Bragg grating and circulator is introduced to extract and then
reinject the signal operating at the ë3 wavelength. After another stage
of amplification via EDFA, a broadband WDM is used to combine a 1310-
nm signal with the 1550-nm window signals. At the receiver end,
another broadband WDM extracts the 1310-nm signal, leaving the 1550-
nm window signals. The 1550-nm window signals are finally separated
using a DWDM that employs an array of
 


	12. fiber Bragg gratings,  each tuned to the specific transmission wavelength.
This system represents the current state of the art in high-bandwidth
fiber optic data transmission.
 


	13. Exercise 3.2:
1. The  C and L spectral bands cover a wavelength range from 1.53 to
1.61 µm. How many channels can be transmitted through WDM
when the channel spacing is 25 GHz? What is the effective bit rate–
distance product when a WDM signal covering the two bands using
10-Gb/s channels is transmitted over 2000 km
2. A 128 × 128 broadcast star is made by using 2 × 2 directional
couplers, each having an insertion loss of 0.2 dB. Each channel
transmits 1 mW of average power and requires 1 µW of average
received power for operation at 1 Gb/s.
What is the maximum transmission distance for each channel?
Assume a cable loss of 0.25 dB/km and a loss of 3 dB from
connectors and splices
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