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The architecture of 8085 is shown in figure given below. The internal architecture of 8085 includes the ALL,

timing and control unit, instruction register and decoder, register array, interrupt control and serial 1/O
control,

Arithmetic and Logical unit:

The operations performed by ALU of 3085 are addition, subtraction, increment, decrement, logical AND,
OR, EXCL UBIVE -OR, compare, complement and left [ right shift. The accumulator and temporary register
are used to hold the data during an arithmetic / logical operation, After an operation the result is stored in
the accumulator and the flags are set or reset according to the result of the operation.

FLAG REGISTER: There are five flags in BO8S, which are sign flag (8], zero flag (Z), auxiliary carry flag {AC),
parity flag |P] and carry fiag (CY). The bit positions reserved for these flags in the flag register are shown in
figure below,

p, o, b, D D, DO, D D

8 Z AC P CY

]
BLSEY ouT

I

—

After an ALU operation, if the most significant bit of the result s 1, then sign flag Is set.

The zero flag Is set, If the ALU operation results in zero and it is reset if the result is non-zero.

In an arithmetic operation, when a carry Is generated by the lower nibble, the auxiliary carry flag is set.
After an arithmetic or logical operation, if the result has an even number of 1's the parity flag is set, other
wise [t is reset.

If an arithmetic operation results in a carry, the carry flag is set other wise it is reset.

Among the five flags, the AC flag is used intermally for BCD arithmetic and other four flags can be used by
the programmer to check the conditions of the result of an operation.

TIMING & CONTROL UNIT: The timing and control unit synchronizes all the microprocessor operations with
the clock and generates the control signals necessary for communication between the microprocessor and
peripherals.

INSTRUCTION REGISTER & DECODER: When an instruction is fetched from memory it is placed in
instruction register. Then it is decoded and encoded into various machine cycles.

REGISTER ARRAY:

= Apart from Accumulator (A-register], there are six general-purpose programmable registers B, C, D, E H
and L.

= They can be used as 8-bit registers or paired to store 16-bit data. The allowed pairs are B-C, D-E and H-L.
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* The temporary registers W and Z are intended for internal use of the processor and it cannot be used by
the programmer.

STACK POINTER (SP): The stack pointer 5P, holds the address of the stack top. The stack is a sequence of
RAM memory locations defined by the programmer. The stack is used to save the content of registers
during the execution of a program.,

PROGRAM COUNTER (PC): The program counter (PC} keeps track of program execution. To execute a
program the starting address of the program is loaded in program counter. The PC sends out an address to
fetch a byte of instruction from memory and increment Its content automatically. Hence, when a byte of
instruction is fetched, the PC holds the address of the next byte of the instruction or next instruction.

L A
| M, ((code Fetch) M, (Memory Resd) :
| T, T, T T T, T T,
AR NANBWANEY
ks XM Memery Addeess l‘-""‘“""ﬁ_ i Memory Address
Low - Ovdar 3 R
el | B -4 04, Opocde | = LU 43 Dun |
oy AGERR
G
| T
lﬁE‘“ 0 =0.5 - b=t EEF LR =48 = 1.8 =0 Sous
o | F
i B

Call ad

(()SU1 8bit data

The 2™ byte of the instruction is data.it is subtracted from the content of the accumulator and the result is

placed in accumulator,
Machine Cycle: 2

T states: 7

Addressing modes: immediate

(ii}Call addr :
dr{label):Unconditional call

Call instruction is used to call a subroutine, before the contral 15 transferred to the subroutine; address of the
next instruction of the main program is saved in the stack. The content of the stack pointer is decrement by
two. Then the program jumps to subroutine starting at address specified by the label.

Machine eycle; 5

T states: 18

Addressing mode: immediate/register indirect

2
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Conditional CALL addr

. CC:-(conditional call) The program sequence is transferred to o particular level or a 16-bit address if
C=] {or carry i3 1)
II. ©CNC:-{conditional call) The program sequence is transferred to a particular level or a 16-bit address
if C=0 {or carry is )
[L. CP: - {conditional cally The program sequence is transferred 1o a particular level or a 16-bit
address if 5=0 {or sign is ()
IV. CM: - (conditional call) The program sequence is transferred to a particular level or a 16-hit address if
S=1 (or sign 15 1)
V.,  C&: - {conditienal call) The program sequence is transferred to a particular level or a 16-bit address if
Z=1 {or zero flag is 1)
Wi, CNZ: - (conditional call) The program sequence is transferred to a particular level or a 16-hit address
if Z=0 (or zero flag 15 0)
YII. CPE; - (conditional call} The program sequence is transferred to o particular level or a 16-hit address if
P=1 {(or parity is 1)
'. VIIL CPO: - (conditional call) The program sequence is transferred to a particular level or a 16-bit address
il P=0 (or parity is 0)
Machine Cyele: 2/3
T states: %18
Addressing modes: immediate/'Register indirect

3 A
MWV A, 10H; 10H move immediate into A register
MVIC,00H;  00H move immediate into A register
MYI B,03H; 3H move immediate info A register

Ll: CMPM; compare A and M
IC L2, Jump if carry 1o L2
SUB B; subtract A and B
NRC, increment T
IMPLI; jump unconditionally at 1.1

L2: STA 2500H ; store A result in 2500H
PO AT move Cinto A

. STA 2501H; store A result in 2501H

HLT; Stop the program

3. (B) Memory address range

S ima

I,

BB EFE

1! H.+

|
|

e P

FEEHERE
|

T

Al! -'ﬂ"H AL!- -'ﬂ'-]! -'q‘ll AI-I' A’? "*'«-I- Ay -'a'-l:- -'a"j -""'vl -""'! -'a"l Al AI:I

I 1 11 1 10000 0O0O0O0O0O0 -FCOOH

I W ) OO O W O G e ) e R O v
3
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Ans.1 Silicon Controlled Rectifier (SCR) is a unidirectional semiconductor device made of silicon which can be used
to provide a selected power to the load by switching it ON for variable amount of time. These devices are solid-state
cquivalent of thyratrons and are hence referred 10 as thyristors or thyrode transistors, In fact, SCR is a trade name of
General Electric (GE) to the thyristor. Basically SCR is a three terminal, four-layer (hence of three junctions 11, J2 and
13) gemiconductor device consisting of alternate layers of p- and n-type material doping. Figure 1a shows the SCR with
the layers pnpn which has the terminals Anode (A), Cathode (K) and the Gate (G). Further it is to be noted that the Ciate
terminal will generally be the p-layer nearer to the Cathode terminal. The symbol of the SCR used in case of circuit
diagrams is shown in Figure Th,

Anoce, A

_. p | Junction 1, J1 Anode, A

—

Junction 2, 42 |,

p —eGale G T@a el

f 1 Junction 3, J3 Cathoda, K
Eﬂf‘iﬂﬂ K
(a) (o)

Figure 1 Silicon Controfled Rectifier {a8) Layvered Struciure (b) Symbol

The working of SCR can be understood by analyzing its behaviour in the following modes:

.. Reverse Blocking Mode: In this mode, the SCR is reverse biased by connecting its Anode terminal to negative
end of the battery and by providing its Cathode terminal with a positive voltage (Figure 3a). This leads to the reverss

hiasing of the junctions I1 and J3, which inturn prohibits the flow of current through the device, mspite of the fact

that the junction J2 will be forward biased.

Further, in this state, the SCR behaviour will be identical to that of a typical diode as it exhibits both the flow of

reverse saturation current (green curve in Figure 4) as well as the reverse break-down phenomenon (klack curve in
Figure 43,
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1. Forward Blocking Mode: Here a posifive bias is applied to the SCR by connecting its Anode to the positive of
the battery and by shorting the SCR cathode to the battery's negative terminal, as shown by Figure 3b. Under this
condition, the junctions J1 and 13 gets forward biased while J2 will be reverse biased which allows only a minute
amount of current Mow through the device as shown by the blue curve in Figure 4.

Current, |
t | Forward
| Charactenstics
EHE:E:?EI Forward Broak-
Reverse Breakdown " “: Over Voltage, Vp
vmlﬂﬂﬂ' vﬂn ""'_I'-i' -“a- &,
“H\.’—--' 'P_\. *\Voltage, \V
Reversa Gall? Tum-On .
Charactenshics Voitage, V.

Figured V-l Characteristics of SCH

3. Forward Conduction Mode: SCR can be made to conduct either (i) By Increasing the positive voltage applied
between the Anode and Cathode terminals beyond the Break-Cver Voltage, V, or {ii} By applying positive
voltage at its gate terminal as shown by Figure 3c. In the first case, the increase in the applied bias causcs the
initially reverse biased junction J2 to break-down at the point corresponding to Forward Break-Over Voltage, V.
This results in the sudden increase in the current flowing through the SCR as shown by the pink curve in Figure
4, although the gate terminal of the SCR remains unbiased.

However SCRs can be made to turn-on at a much smaller voltage level by proving small positive voltage
between the gate and the cathode terminals (Figure 3c). The reason behind this can be better understood
considering the transistor equivalent circuit of the SCR shown in Figure 2. Here it is seen that on apply
positive voltage at the gate terminal, transistor Q: switches ON and its collector current flows into the hase of
transistor Q. This causes (), to switch ON which in turn results in the flow of its collector current into the base
of Q. This causes either transistor 1o et saturated at a very rapid rate and the action cannot be stopped even by
removing the bias applied at the gate terminal, provided the current through the SCR is greater than that of the
Latching current. Here the latching current is defined as the minimum current required to maintain the SCR in
conducting state even after the gate pulse is removed.

In such state, the SCR is said to be latched and there will be no means 10 limit the current through the device,
unless by using an external impedance in the circuit. This necessitates one 1o resort for different techniques like
Matural Commutation, Forced Commutation or Reverse Bias Turn-Off and Gate Turn-OFf to switch OFF the
SCR. Basically all of these techniques aim &t reducing the Anode Current helow the Holding Current, the
minimum current which is to be maintained through the SCR 1o keep it in its conducting mode. Similar to turn-
off techniques, there also exist different turn-on techniques for the SCR like Triggering by DC Gate Signal,
Triggering by AC Gate Signal and Triggering by Pulsed Gate Signal, Forward-Voltage Triggering, Gate
Triggering, dv/dt Triggering, Temperature Triggering and Light Triggering.
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Ans 1.
SCH Switching Characteristics or Dynamic Characteristics:

The switching charscteristics are important particularly at high-frequency, to define the device velocity in changing from
conduction state to blocking state and vice versa,

Losses occurring in the device during switching from ON state to OFF state and OFF state to ON state is known as
Switching Losses.The device's switching characteristics tells us about the switching losses, which is very important
parameter to decide the selection of device,

At high frequency, the switching losses ane more.

Turn ON mechanism:-

*  When a positive gate signal is applied fo a forward biased SCR, the transition of SCR from blocking state to
conducting state is called as turn ON mechanism,

The time taken for SCR to traverse from the blocking state to conducting state is called as tumn on time.
Tum on time is divided imo 3 periods.

1ON =t +tr +1tp

td = delay time, tp or ts = peak time (or) spread time

= when the gate current reaches 0.91G the anode current 1A starts increasing and reaches 0.11A {10% of its max
value)

The time taken for anode current to reach 0,114 is called as delay time{td).

In other waords, it is the time taken for anode voltage to fall from VA to 0.9VA

The anode current further increases and reaches 0.91A.

The time taken by the anode current to increases from 0. 1LA to 0.91A is called as rise time(ir).

In other words, it is the time taken by the anode voltage to fall from 0.9VA to 0.1VA

[ ]

Spread Time or Peak time (18 or tp)

® It is time taken by the anode current to rise from { 0.91A o maximum value ol IA) 9% o 100% of its full value.
{or)
It is the time taken by VA to fall from 0.1VA 1o it's ON state voltage dropinear by zera).
. = During this time the conduction spreads over the entire cross-section of cathode and so electrons spread over all
the junctions,

Tura OFF mechanism:

Tuming OFF an SCR means bringing the SCR from conducting state to blocking state.
* To turn off an SCR two things are to be done
(1) Reduce the anode current below its holding current level,
(2) Application of reverse voltage.
= When the anode current is zero, if we apply forward voltage to the SCR, the device will not be able to block this
forward voltage due to the fact that excess charge carriers are still at the junctions, so the device will start
conducting even when the gate signal is not applied.
*  [norder to avoid this, reverse hiasing of SCR is done to remove the excess charge carriers from all four layers.

Page Mo. ;':\u



Swami Keshvanand Institute of Technology, Management &Gramothan,
Ramnagaria, Jagatpura, Jaipur-302017
Brame E¢€ SEM!I—VV  LuBaears T BY-Ms PRMANIA
Question Paper Solution SHARMA

L |

Page Nn.l':f._.-..




Swami Keshvanand Institute of Technology, Management &Gramothan,
Ramnagaria, Jagatpura, Jaipur-302017
BRAnH 1-Ecg  Sumtecri- Te geri N) 24 Mo PROANEA SiARHs
Question Paper Solution

o
i
-

The tum OFF time is defined as the time from the instant the anode current becomes zero to the instant SCR
reaches its forward blocking ability.
*«  Tum off time tOFF = trr + tgr
trr = Reverse recovery fime
tpr =Gate recovery time
Reverse recovery process is the removal of excessive charge carries from the top and bottom lavers of SCR.
At t]; corrent [A =0
After tl; 1A build up in the reverse direction, due to the charge carriers stored in the four luyers.
Reverse recovery current removes the excessive carriers from junctions J| and J3 during the time t] to 3.
{Reverse recovery current flows due sweeping out of holes from top p-layer and eléctrons from bottom n laver)

Reverse Recovery Time (irr)i=

. s 1t is the time taken for the removal of excessive carriers from top and bottom layer of SCR.
At t2: When nearly 60% of charges are removed from the outer two layers, the reverse recovery current
decreases,
This decaying causes a reverse voltage to be applied across the SCR.
At 13 all excessive carriers from J1 and J3 is removed.
The reverse voltage across SCR removes the excessive carriers from junction J2,
Ciate recovery process is the removal of excessive carriers from J2 junction by application of reverse voltage,
Time taken for removal of trapped charges from J2 is called gate recovery time(tgr),
At 14 all the carriers are removed and the device moves to the forward blocking mode.
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1. A What are the drawbiscks of Delta Modubatlon and how it is remaved in AT i+

B. Consider an audlo signal with speciral components in the range 300 to 3000 1z, Assumie that a ssmpling rate af 7000
samples per second will be wsed to generate POM signals, i)

1. For SNR=30dB, what Is the number of quantization levels needed?
L. What dota rafe bs required?

Soln 1 A Delta modulation has two major drawbncks that are:

1. Slape overlond distorifon

. Phis distirtion wrises hecanse of Laepe dyngiibe ramee pF inpad sivnal Do pedice iis error, (he shep wee st D |
imcreisesl when slope of signal wff) s high, Simce the Slep sdve ol delin modulator remaliny Aved, i mas oo o

minimm shapes sceur abong stralghit Hoes. Therefore, ihls modulsise is known a5 Linear Delis Modulabsr {LI¥ 0§,

2.  Granular noise

Granular noise occurs when step size is too large compared to small variations in the input signal. This means that for
very small variations in the input signal, the stairease signal is changed by large amount becanse of large step size. The

error between the input and approximated signod is called granular noise. The salution to this problem i to make siep
skee small. Adspdive Delin Modulation

To overcome the quantization error due te slope overload distertion and granular noise, the step size (A) is made
adaptive o variations in Input signal w(t). Particalarly in the step segment of the x(1) , ihe siep size is increased. Also, it
the input Is varying slowly, fhe step slize is reduced, Then this method is knswn a5 Adaptive Debta Modulation (ADNM )L
The adaptive delta modulators can fake continuous changes in the step size or discrete changes in the step slze

Soln 1 B Given that
[ ] SNR=30 dB
Sampling rate = TkHz
(5N} = L76+6n
3 = 1. T6+6m
n=5
i Crmantization Level
HI
B=1"=31

i) Since each sample i represented by 5 bits
Th00ksS biis'sec = 35 kbps

R
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Q1 A Derive the expression for signal 1o quantization noise ratio far PCM system that employs linear quantizastion technigue
{13
B. A DM system is designed to operate sl 3 tinses the Myquist rate for a signal with & 3. 3kHz handwidith. The guand izing step
skee is 250 mY (2}
¥, Determine the maximum amplitude of o | kHz input sinusoid for which the delts micdulusor does not show slope overlond,
il. Determine the post flered cutpus mg_‘nul la quantizing noise ratio for the signad of pan .
Salnl A

Amnlhathmnﬂnhmlﬂgmlhnﬂnmﬂdwlmhvhgpuh
amplitude A,,. Let this signal cover the complete excursion of representation levels.

I"'L: pawer of this <ignal will be, .
| =X Here ¥ = RMS. value
= [A, /2P
When R w1, the power P is normalized, i,
Normalized power : F-:i"} With R =1 in above equation.
< Signal to quantization noise ratio is given by equation
5 ar

- w23
N "

H-I
Here F-—illﬂg-‘-d.

Putting these values in the above equation,

31«-‘:‘L

1
% - —ﬂ-ﬁ-:!"-%ni" =] . 5x 2> ﬂ
-

Expressing signal to noise power ratio in dB,
[%]dh = 10 'ﬂlm(ﬁ']- 10 hog 5y {1 I;,.;:h]

= 10 logy, (1.5) +10 log,, 2%
= 176 +20x10x0.3

Thus,

[Rs;]dﬂhl’ﬂ-! :[-E-]dﬂ- 18460 ; for sinusoidal signal
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Soln 1B Given that W=1.3 kHz, =1 KHz, A = 2Hm"V L=3x2W=19.8kH
i Let the maximum amplitade of | kM input simsaid be &
The condition to aveid slope overload distertion is given by

Ao —
W Thy

A

WaTl #00m

Hemoe maximum videe of A=

Substitating the valees we get,

A __ 250X107X6X3.3X1077
o 2x1x10-7

= .787 V Ans

. __ag
il SNR = o, 24.7d08

() 2. Explain the generation and detection of ASK with neat and clean diagram. Draw the waveform of
ASK, FSK and PSK for the given data pattern 10101100

Soln 2 The simplest digital modulation technique is emplitnde-shifi keying (ASK), where a binary
information signal directly modulates the amplitude of an analog carrier.

ASK is similar to standard amplitude modulation except there are only two output amplitudes possible.
Amplitude-shift keying is sometimes called digiral amplitude modulation (DAM).

Mathematically, amplitude-shift keving is

e Vit ) = [ | + wm{:}][gcm{m,.!}}

vask(T) = amplitude-shift keying wave

vmit) = digital information (modulating) signal (volts)

A/2 = unmodulated carrier amplitude (volts)

. = analog carrier radian frequency (radians per second, 2zfct)

In Equation, the modulating signal [vm(t)] is a normalized binary waveform, where + 1 V =logic | and -1 V
= |ogic 0. Therefore, for a logic 1 input, vm(t) =+ 1 V, Equation reduces to

vall) = [1 + I][:;-Enﬁ{mt.!}:l
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= A cos(w,t)

and for a logie 0 input, va(t) = -1 V, Equation

Vaagt) = [1 = H[:g*f:m{m,r]]

Thus, the modulated wave vouft), is either A cos{ey 1) or 0. Hence, the carrier is either "on "or "offi" which is
why  amplitude-shift  keying s sometimes  referred w0 as on-off keving{OOK),

Fise 1 shows the input and output wavelorms from an ASK modulator.

From the figure, it can be seen that for every change in the input binary data stream, there is one change
in the ASK waveform, and the time of one bit (s} equals the time of one analog signaling clement (1,).

B=f/l="f baud = fi /1 = f,

Binary
input

(a)

— . =

%

— e

(b)

FIGURE | Digital amplitude modulation: (a) input binary: (b) output DAM waveform

The entire time the binary input is high, the output is a constant-amplitude, constant-frequency signal, and for
the entire time the binary input is low, the carrier is off,

The rate of change of the ASK wave form (baud) is the same as the rate of change of the binary input (bps).
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Q 3. Solution B: T1 Carrier System
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i, ENTROPY

En:?:;ﬁh. deal iﬂu:e average information Per message. A practical communication
system s &AL message, but with all possible messages. We usually
transaut Imgseq Of symbols from an information source. Thus, we are more interested
in the average information that a source produces than the single message.

The mean value of I(x) over the alphabet of source X with different symbols is given by
H{l]= E[I{IJ :']

.'-:'LI}—-E.-"L e M{x.) i
i=l

We know

Htxlziﬂxljhgbﬂ—‘:—l
=1 i

"H[I':] = -i?{r, Jog: P(x,) bit/symbol

=

H(X) is known as the entropy of the source ‘X’
¢ Properties of Entropy -
(i) 0<H(X)<logym ¢
where m is the number of symbols of the alphabet of source X.
(ii) H(X) =0 if all the P(x)) = 0 except for one symbol with P = 1.
(iii) When all the events are equally likely the average uncertainty must have largest

value ie. log,m > H(X) .
(iv) If the probability of occurrence of events are slightly changed, the measure of

uncertainty associated with the system should vary accordingly in a continuous

manner.
(¥) Bifurcation of symbols into subsymbols can not decrease the entropy.

(vi) H(P,,P,, ..P,)= H(Py, P, -F.)
The measure of entropy must not be changed with rﬁpﬁfmll‘:lﬁﬂrdefrnfﬂﬁmwts.

Pagenio...1.5
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1.
Chemical Vapour iti ique- One of the most important methods for preparing thin films and

coatings. The fiber fabrication process must realize a glass composition obeying to the core-cladding guiding
structure, through the manufacture of an intermediate called preform, which has the same structure of the final
optical fibre, and which will be drawn into a fibre at the correct diameter, maintaining the same refractive
index profile of the preform,

GLASS DEFOSITION | ————#= |PREFORM FABRICATION | —

* —fpe  |PREFORM DRAWING | ——— OFTICAL FIBRE

Different techniques based on chemical vapour deposition have been employed to manufacture optical fibres.
Chemical vapor deposition (CVD) is used 1o deposit solid material onto a substrate. This involves the reaction or
decompesition of one or more precursor gases in a chamber containing one or more heated objects to be
coated. The reactions occur on and near the hot surfaces, resulting in the deposition of a thin film on the
surface. The chemical by-products or unreacted gases are then eliminated from the reactor chamber via the
exhausting system. CVD must take place under vacuum to avoid the inclusion in the film, or creation of side
products from the reaction of the ambient components with the precursor gases.

Vapor phasa Traversing Silica tube

tion heat source
(SD0T PorTraTen) [ [L-¥]

Fig. CVD method for generation of optical fiber {a} deposition (b) collapse to produce to perform

» Chemical Vapour Deposition produces the preform in two steps.

= First. reactant gases flow through a rotating glass tube made from fused silica while a bumer heats its
narrow zone by travelling back and forth along the tube. Silica and dopants form soot that is deposited
on the inner surface of the target tube.

* A bumer heats a narrow zone of this depesit and sintering (heating without melting) occurs within this

1
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zone. The result is a layer of sintered glass. Operating temperature is kept at around 160071

The second step involves heating the soot perform to 200000, thus collapsing the mbe into solid glass
perform.
The fiber that is subsequently drawn from this preform rod will have a core that consists of the vapor-

deposited material and a cladding that consists of the original silica tube.

The tube is then collapsed to give a solid preform which may then be drawn into fiber at temperatures
of 2000 to 2200 °C.

A graded refractive index profile can be created by changing the composition of the layers as the glass
is deposited.

This technique is the most widely used at present 45 it allows the fabrication of fiber with the lowest

lsses.
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1.
| odal and Intra i ion phenom -
Dispersion of the transmitted optical signal causes distortion for both digital and analog transmission along

optical fibers. The dispersion mechanisms within the fiber cause broadening of the transmitted light pulses as
they travel along the channel,

Optical pulse broadened pulse
.

| S S

input output

Dispersion mechanisms:
L. Intramodal dispersion or chromatic dispersion
a. Material dispersion  b. waveguide dispersion

2. Intermodal or modal dispersion
The total fiber dispersion is a combination of the material and waveguide dispersion. For silica glass, the
.mate:-iﬂl dispersion is dominating and the zero dispersion value occurs approximately at 1300 nm,
Intramodal dispersion or chromatic dispersion

# Intramodal dispersion or chromatic dispersion is pulse spreading that oceurs within single mode fiber.
# The spreading arises from the finite spectral emission width of an optical source. JLASER & LED]
# An ideal perfectly coherent source emits light at a single wavelength. [t has zero linewidth and is

perfectly monochromatic,
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Light sources Linewidth (nm)
Light-ermatiing diodes 20 nm — 100 nm
Semiconductor laser diodes I nm — 5 nm
Nd:YAG solid-state lasers 0.1 nm
HeNe gas lasers 0.002 nm

This phenomenon is also known as group velocity dispersion (GVD), since the dispersion is a result of group
velocity being a function of the wavelength. Because the Intramodal dispersion depends on the wavelength, its
effect of signal distortion increases with the spectral width of optical source, 2
Pulse broadening occurs because there may be propagation delay differences among the spectral components
of the transmitted signal
Chromatic dispersion arises for two reasons,

1.

The first reason is that the refractive index of silica, the material used to make optical fiber, is

frequency dependent. Thus different frequency components travel at different speeds in silica. Ths
component of chromatic dispersion is called material dispersion.

Waveguide dispersion: This occurs because a single mode fiber confines only about B0 percent of

optical fiber in the core. Dispersion thus arises, since the 20 percent of light propagating in the
cladding travels faster than the light confined ] the core,

o)

Material Dispersion

¥s

¥a
¥

Waveguide Dispersion
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Intermodal dispersion: I is also known as modal dispersion, is the phenomenon that the group velocity of
'.iglu propagating in a multimode fiber (or other waveguide) depends not onl ¥ on the optical frequency
{— chromatic dispersion) but also on the propagation mode involved,

Modal dispersion is a distortion mechanism occurring in multimode fibers and other waveguides, in which the
signal is spread in time because the propagation velocity of the optical signal is not the same for all modes
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