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Phase M odulated Optical Communication Sy stem

CHAPTER 1
INTRODUCTION

Communication phys an important role i the transmission of nformation using the

' communication devices lke mobiles, ftelephone scts and other mediums lke internet.
Communication may be broadly defined as the transfer of nformation from one pomt (o
another. When the information is to be conveyed over any distance, a communication system
5 usually requred, The mnformation transfer & frequently achieved by superimposing or
modulating the mformation on to an EM wave which acts as a camier for the mformation
signal This modulated carrier is then transmitted to the required destmation where it is
received and the orignal mformation signal is obtained by demodulation.  Sophisticated
techniques have been developed for this process using EM carrier waves operating at Radio
frequencies as well as Microwave and millimeter wave frequencies. However, communication
may also be achieved using an EM carrier which is selected from the optical range of
frequencies. Communication engineers  deals with the transmission of varous signal from

one point to another.

1.1 OPTICAL COMMUNICATION

Optical communication is the communication m which high carrier frequencies are
wed to carry the information. The use of light for communication has been common for many
years such as signal fibers, reflecting mirrors and more recently signaling lamps. However, a
renewed interest i optical communication was stimulated the year 1960s with the
invention of the laser. This device provided a powerfil coherent hight source together with the
possibility of modulation at high frequency. In addition, the low beam diverzence of the hser
made enhanced free space optical transmission a practical possibility. Thus, with the optical
communication system several foreseen advantages are considered such as mmunity to
interference and cross talk, signal security, low transmission loss, system refiability and ease
of maintenance, potential low cost etc. Many advantages are therefore provided by the use of

a light-wave carrier within the optical communication system.

1.2 OPTICAL HETERODYNING

Heterodyning i a radio signal processing technique m which new frequencies are
created by combining or mixing two frequencies. It is useful for frequency shiftng signals
into anew frequency range and is also mvolved in the modulation and demodulation. The two

1
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Figl.1 Block Diagram of Optical Heterodyning Scheme

frequencies are mixed in a signal processing device thereby creating two new frequencies with
reference to the principle of sine fimction ie. one i the sum of the two frequencies mixed and
other is the differences of them These frequencics are called heterodynes. Typically, only one
of the new frequencies & desired (ie. the higher afier modultion and lower alfter
demodulation). Optical heterodyning i an extension of the heterodyning process for higher
frequencies i which two different wavelengths of light dlummate the detector so that the
oscillating electrical output corresponds to the difference between their frequencies. This
allows precision measurements of phase and frequency of a light signal relative to a reference

light source.

1.3 PHASE MODULATION

A method of Phase Modulation technique is used n modem optical commumication
system since it demands higher and higher bandwidth. The process of phase modulation
which & a type of angle modulition consists of varying the phase angle of the carmer lincarly
in proportion to the modulating signal such that maximum phase shift occurs during positive
and negative peaks of the modukting signal This means that n Phase Modulation the
nstantancous value of the phase angle is equal to the phase angle of the un-modulated carner
plus a time varying component which is proportional to modulating signal

1.4 OPTICAL GENERATION OF MILLIMETER WAVE

Optical gencration of microwave or millmeter wave is a promising scheme of low cost
and high transmission performance in ROF (Radio-Over Fiber) systems. The major advantage
of generating such wave signal is that THz signals can be obtained. Basically, generation of
such wave signak can be achieved through optical phase locking or injection locking of two
laser sources, external modulation of a laser diode and direct beating of dual-longitudinal or




Phase M odulated Optical Communication System

ulti-longitudinal modes of a laser in a photo detector. Most of the RF Engineers’ have
glready proposed some schemes regarding generation of optical millimeter wave but the
gencration of the same via external optical modulator is comparatively bw cost since its high
reliability and is being employed in such transmission of optical signal. In our first case, band
pass filter of Gaussian type i used simply to observe the modulated signal at some particular
frequency and then fed to photo detector for detection of the desired baseband signal In our
second case, we have considered also mjection locking of two shve khsers to the two side
bands of the master laser. The mjection-locked of two slve lasers signals followed by Photo
detector results in faithful detection of the baseband signal or the desired microwave signal
with low phase noise.

In the third case, PLL (Phase Lock Loop) is designed which s a negative feedback
control system that forces the slave- laser (1_Q VCO) to track the frequency and phase of the
reference signal when in lock.

1.5 INJECTION LOCKING

Injection locking &5 a method which i applied mainly to continuous wave single
frequency laser sources when a high output power needs to be combined with a very low
intensity noise and phase pose. Such low noise performance or even just single frequency
operation is significantly more difficult to achieve in high power hsers. Another advantage of
optical mjection locking is that the locking oscillator is electrically solated from the locked
osciltor, eliminating the need for mpedance matching between the oscillators.

1.6 BRIEF INTRODUCTION OF DIFFERENT BLOCKS

BAND PASS FILTERS (BPF): A fiter separates different components of a mixer. An
eectric filter & a four termunal network which s designed to pass signals of certam
frequencies to the load, rejecting other frequencies. A BPF transmils a band of frequency
between two cut off frequencies centered around the resonance frequency.

PHOTO DETECTOR: Since, the detector is an essential component of an optical
communication system which dictates the overall system performance. Its finction s to
comvert the received optical signal into an electrical signal, which is then low pass fltered
(perhaps anwplificd) before further processing. Therefore, when consilering signal attenuation
along the link, the system performance is determined at the detector. The role of the detector

3




Phase Modulated Optical Communication Sy stem

plys, demands that it must satisfy very stringent requirements for performance and

compatibly such as high sensitvity at the operating wavelengths, high Gdelity, mmnmmm
mm mtroduced by the detector etc.

YCO (VOLTAGE CONTROLLED OSCILLATOR): A woltage controlied oscillator
(VCO) is an oscilitor whose frequency is controlled by the modulating voltage. The
frequency of the VCO is varied in accordance with the modulating  signal (by shunting a
voltage variable capacitor with its tuned circuit). When the control voltage s zero, VCO has
been adjusted to satisfy the frequency of it has to sct precisely at an un-modulated camier
frequency and the VCO output i in phase quadrature with the un-modulated carrier wave.

BUTTERWORTH LOW PASS FILTER: This fiter exhibits a monotonically decreasing
wransmission with all the transmission zeros at central frequency ® =cc, making it an all pole
fller. However, the maximum deviation i passband transmission (from the ideal vale of
mity) occurs at the passband edge only.
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CHAPTER 2
MACH-ZEHNDER MODULATOR

Since, the direct modulation of a lser is a cheap and ako easy to adapt to low cost
gpplications  for  modulated  distances  or transmission  rates; however, for advanced
applications imvolving high data rates or long distance links, resorting to external modulation
& a good soltion. That's why, the most typical external modulator i the Mach-Zehnder
modulator (MZM) which modulates the light generated in a hser operating in continuous
wave mode. The material for the MZM has clectro-optical properties by which the phase of
the optical wave propagating mside it receives a phase modulation proportional to the applied
electric field. Hence, Mach-Zehnder Modulator (MZM) may be defined as an electro-optic
modulator that i widely used in Radio over Fiber (RoF) systems to gencrate millimeter-waves

(mm-waves).
In our work we have realized working of Mach-Zehnder modulator (MZM) using two

softwares, namely, MATLAB/ SIMULINK and Optisystem1 1. In this report we begin with
the realzation using MATLAB/SIMULINK and then proceed to realization using

Optisysteml 1.

2.1 TRANSFER FUNCTION OF MZM
The transfer finction for MZM is given by:

T = K [1+sin{(aVre)/Ve} ] =Ilin-----rmmmmenes (2.1)
where, K=constant Ve-phase shift when the voltage Vir is applied.

MNow, assuming,
In=A sinfwt), Vee= B sinfwmt), Vo=
where, @y and @y, are the hser frequency and RF frequency respectively.

Iy=K ‘sinfwgt) [1+sin(B sin(@gt))] -=--— rog i3 3)
We have, Jacobi-Augen series as-------
Sin (m sin wyt) = 2J; (m) sinat+2.J5 (m) sin3ewt 20 (m) sindwi+ . ooanies ——=m—2.3)

Comparing equation (2) with equation(3), we get:
Iy =K' sinfe )+ K" sinfowpt){ 20 (m)sinwyt+20:(m)sin3oyt}

Iy =K ‘sinfwgt) + K"Ji(m)[cos{o-m)t — cosfog? wpt] + K"Jifm)[cos(wp-3ewm)t

~cos(my+Iopht]

e
3
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93 IMPLEMENTATION OF MZM USING MATLAB/SIMULINK

Based on equation (2.1), we can design the Mach-Zehnder modulator (MZM). We have
mpkmented this in MATLAB/SIMULINK. The designed block is shown below. '

- L
[m
RFY  fste Transition .
Constant?
L* > x ]
ﬂ#" P' X —_"‘ sin '__'_*"' 1 F .'
e Produd!  Scope
7 rm— Predud  Trigonomatric
Fundlion

Fig 2.1 Mach — Zehnder Modulator (MZM)

~ Now, the carrier (Laserl) of higher frequency s modulated with a modubting signal (RF1)
with lower frequency compared to that of the carrer. On observation, with some
specifications, the modulated signal & obtained as shown in figure (2.2) given below.

a5+

Fig 2.2 Modulated Signal
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2.3 SPECIFICATIONS OF MZM REALISATION
Different specifications that were considered while modulating the carrier with the RF signal

are given below. The modulated signal obtamed i Fig. 2.2 based on these specifications.

RF1 PARAMETERS:
(1) Amplitude =2
(2) Frequency (rad/sec) =2**50¢’

(3) Sample Time= 1/100 ¢’
LASER] PARAMETERS:
{1 Amplitude =2
(2) Frequency (rad/sec) = 241*0.5¢”
(3) Sample Time =1/100 ¢”
RATE TRANSITION PARAMETERS:
OQutput Port Sample Time = -1
AXIS PROPERTY:
(1) Frequency Range= +Fs/2, -Fy/2
(2) Y -axis scaﬁng-}MAGN—SQUﬁRD

2.4 REALISATION OF DETECTION TECHNIQUES

241 DIRECT DETECTION

The direct detection optical communication s
detector plis an amplifier with possibly additional signal processing cireults. Therefore,
| signal, which s then amplified before further processing

ystem essentially conssts of a photo-
the

receiver mnitinlly converts the optica
1o extract the information carried by the optical signal

Caonstant

id

] — |

Outt |—p-{Optical Input RF Output |——1
" ; P Cptocad Inpat
IRV
Lasert — Photodetedion I_'
Soope

Fig 2.3 Realization of Direct detection
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f the output of MZM is JT+{t)ycos(wgt) : where 1) is the input signal and @gis the carmer

Ireque }F,
__Ahr squaring .[i.e., photo-detection) = [/1+ f(t) 7 cos (wot)

= [3+_£5t_}] [1+ cos (2apt)]

Therefore, after ow pass filering, yield the baseband RF =K [1+ f(2)]

Direct detection can only retrieve signals modulating the mtensity of light.

L 4 &
1 T T T T i T T T -
v |
T
1
.1
o
as
1
— e P b [ . | s M s - i - J
12 14 14 18 2 22 24 28 28 3
L At
bl shgeal
1 — ; ; : .
|
-
L
2
|
L0 MV W _\ MWW 1
12 14 18 11} 2 12
e—>

Fig 2.4 Demodulated signal afier Direct detection

RESULTS:
For one compkete cyclk:
Time= (3.7 — 3.6) *10* sec= 0.1*10"* sec
F= 1/T= 100 KHz which is the input signal frequency.
Thus, after demodulation, the original baseband signal of 100 KHz has been obtamed but

with difference in amplitude.
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142 COHERENT DETECTION REALISATION
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Fig 2.5 Realization of Coherent detection

Unlike Direct detection, in which the optical signal & converted directly mto a

demodulated clectrical output, Coherent optical receivers first add mcoming signal from a
bocally generated optical wave prior to detecting the sum. The photo current 5 a replica of the
original signal which is tramshted down in frequency from the optical domam (around
10°GHz) to the radio domain (up to several GHz) and where conventional electronic
techniques can be used for further signal processing and demodulation. It 5 noted that
coherent detection provides the greatest benefit for high speed systems operatng at longer
wavelengths. A polential improvement in receiver sensitivity using Coherent detection of upto

20dB can be obtained.

If the output of the 3d-coupler is given by /P1[1+ f(t)]cos(wat) + VPZeos(wgt)
Therefore, PDI=[E ;1 + f(t) cosfwpt) + Excos(mnpt) jj
=E2[1 + f(t)]cos’ (@) + Ex*cos’ (wpt) + 2E1E2JT+ f(E)cos(@ot)

And | PD2=[E;yJ 1 + f(t) cos(wyt) - E, scosfwgt)]?
=EP2 [+ f(t)] + EFR2-EE\1+f()
This, PDI + PD2= (E{ + EY) + EF f(t)

= [1+ f(t)] EF + EF°
Thus, Coherent detection can retrieve optical signals modulating the amphtude.
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Fig 2.6 Demodulated signal after Coherent detection

RESULTS:
. Forone complete cycle:
T= (1.6 - 1.5)*10™* = 0.1*10™*
F= 1/T= 100 KHz which is the input signal frequency.
Here, ako the baseband signal has been obtained after fithful detection of 100 KHz

with small difference in amplitude.
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REALISING MZM USING OPTISYSTEM

In the previous chapter we have done the MZM realzation using
MATLAB/SIMULINK software. This software cannot work on the signals in THz range, ie.
milimeter waves, so to observe the performance of MZM we used the software
Optisystem! 1. This is very sophisticated software which is generally used for high frequency
-.:;'-_.5_ experimentation.

31 IMPLEMENTATION OF MZM USING OPTISYSTEM

SINE GENERATOR

=70

AMPLITUDE=] a.u MZM OPTICAL SPECTRUM
EXTINCTION RATIO= 20Db | ANALYZER

SYMMETRY FACTOR= -1

CW LASER i
193.1 THz EZ% 1
POWER= 1dBm

Fig 3.1 Realization of MZM in Optisystem.

A sine wave of 40 GHz frequency is used as an input via the sine wave generator to the
MZM. The CW laser is used as the carrier with 193.1 THz frequency. After being modulated
‘with the input signal the output or the modulated signal through the optical spectrum is
obtained as----

—

Fig 3.2 Modulated signal obtained using Optisystem
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From the graph, it has been observed that the carrier signal is properly modulated with its
central frequency at 193.1 THz

32 OBSERVATIONS
Abng X-axis = Frequency in THz Along Y-axis=> Power in dBm.

vier Frequency (THz): A=>193.1

13

Carrier Amplitude (dBm): A->-3.46912

' Positive side band:

[Frequency (TH2) Ampltude (dBm) Frequency Separation (GH2)
B>193.14 -12.2219 B-A-240

©5193.18 27,4585 CA>40

D>193.22 46,0119 D-A>40

[E>193.26 ~67.5886 E-A 240

Negative side band:
[Frequency (THz) Amplitude (dBm) Frequency Separation (GHz2)
[B>193.06 -12.2219 A-B>40

€>193.02 -27.4885 A-C>40

D>192.98 46.0119 A-D>40
[E>192.94 67.5886 A-E>40

From the observations, it is observed that the frequency separation of the peak signals of
i'equamy4ﬂ'GHzhasbeenuhtaiﬂdwfﬂchkﬂrhmusigmlﬁeqmyie,ﬂtmnﬁsigml
is modulated with the mput signal

12




Phase M odulated Optical Communication Sy stem

33 REALISATION OF FILTERING SIGNALS

| [ s0 gernenaren GAUSSIAN OPTICAL [ orTcAL
| "V, _ FILTER 1, 193 18 Thz SPECTRUM
Ok l AAMDYWNIIT Ha1 G T ANALVTERY
L PHASE=SD Jagras .
- - MM
EXTINCTION RATD= 20085
OW LASER | SYMMETRY FACTORS -1
1931 TH 1;1;} | U GAUSSIAN OPTICAL | | OFTEAL
| FILTER 2; 193 M4 Thz SPECTRUM
POWER= OcBm |
| SANOWIOTHaOGHe | | ANALZERZ

Fig 3.3 Realization of fitering signals

Here, the resultant modulated signal i fed to Gaussian optical fiter with frequency
selection of 193.18 THz and 193,14 THz frequency respectively to the positive side only.

i
1831587 18T 18T T 193987 18398 T EaT

Fig 3.4 Positive 3™ Side Band at 193.18 THz

Affer the modulated signal is passed through the frequency selective filter, a positive 3 side
band is obtained at 193.18 THz of frequency, which is shown in figure 3.4 given above.

13
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TERAST AT IR T R
¥ sy [H7]

Fig 3.5 Carrier sideband at 193.14 THz

After the modulated signal & being fed to the frequency selective filter with its
frequency tuned to the carrier frequency, the signal is obtamed properly at 193.14 THz, which
i shown in figure 3.4 given above.

- SCALES OF GRAPH

For the above two graphs:

Along X-axis=Frequency m THz

Along Y-axis=> Power in dBm

A=>( Carrier frequency) 193.14 THz Amphtude=>-12.306(dBm)
B=>(3" side band) 193.18 THz ; Amplitude=>-27.4647(dBm)
Frequency separation (GHz): B-A=>40

Thus, from the above cakulations, it is observed that 40 GHz of frequency as the mput
given 1o the optical modulator (MZM) is obtained afler bemg filtered.
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CHAPTER 4
MILLIMETRE WAVE SIGNAL

GENERATION USING INJECTION LOCKING SCHEME

4.1 INJECTION LOCKING

In injection locked laser systems, a master kaser mjects light into a shve hser thus
modifying the characteristics of the slave hser. The modulated master laser (A master hser s
a single frequency kser) via MZM s mjection locked by the two shive lasers (A shve laser s
a laser which emits on an optical frequency which i dictated by an external master laser via
ijection locking). The desired output is obtained at the Photo detector. Thus, Injection
beking is a method which is applied mainly to continuous  wave single frequency laser
sources when a high output power needs to be combimed with a very low mtensity noise and
phase noise. Such low noise performance or even just single [frequency operation 18
significantly more difficult to achieve in high power hsers. Another advantage of optical
ijection locking is that the locking oscillator s electrically solated from the locked

oscilator, eliminating the need for impedance matching between the oscillators.

SLAVE
P LASER1 —>

WWAVE _.E (VCO)
PHOTO

- DETECTOR

SLAVE
LASER LASER2 —

(vCO)

Fig 4.1 Block diagram of Modulation using Injection Lockmg Scheme

The injection voktage-controlled oscillator is of the type which can be set to oscillate m
the vicity of a desired frequency by simple adjustment of a controlled unidirectional voltage
level so applied, the injection oscillator is capable of locking stably on the nearest frequency
signal of the array of signals injected mto it Thus, the oscillator behaves like a filter, selecting

the desired component of the output.

e L e ——
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Fig 4.2 Optical Injection Locking of Two Slave Lasers

The slave hsers (1. Q VCO) are injection locked to the sideband sinals (0.+30,) and (@c-
3y) of master hiser, where o, is the carrier frequency (master kiser) and oy, is the modulatmng

frequency. The injection- locked shve lasers’ output is fed to the Photo detector (product of

the output of two slave lasers signal followed by a Butterworth type fiter) to obtain the
desired output at a frequency of 60 GHz

4.2 OBSERVATIONS
For computer akled analysis, we have applied an input signal ie. the modulating
signal of 10 GHz The spectrum of the input signal is shown below in fig 4.3.

a 15
Frequishly in GHr ————=

Fig 4.3 Input signal 1o MZM
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MODULATING SIGNAL

The RF signal is applied to one of the mputs of the MZM. The signal passes through
difierent stages of the MZM. The signal at the stage after the adder block m fig 42 &
# ed whose spectrum is shown in fig 4.4. In this spectrum, it is seen that the third
farmonics at 30 GHz has the highest amplitude. This s so because the Bessel function has
fthe highest ampliude at the thid harmonics ie. J3(3.843)=0.421. Hence, this i true
according to mathematical analysis too.

WIM CRRPUT WITHOUT CARSSER
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Fig 4.4 Modulating signal
Here, the third harmonics at 30 GHz has the highest amplitude due to Bessel function
since for our purpose we have chosen modulation index as 3.843 for which it has the highest

magnitude according to the Bessel table.

CARRIER SIGNAL (MASTER LASER OF 5000GHz)

. —— 1T | —T A . —

Fig 4.5 Carrier Signal Spectrum
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The carrier signal is a sigle frequency signal ie. master hser of 5000 GHz This carner
signal’s spectrum is shown in fig 4.5.
- MODULATED SIGNAL

WM OUTPUT WITH CARREER

_ | T
Eg{ - x i i 5 # i " E
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Fig 4.6 Modulated Signal Spectrum
The master laser is modulated with the MZM signal (modulating signal) with its central
foquency at 5000 GHz and according to the modubting signal, it has the thid (upper and
Jower) sidebands at 5030 GHz and 4970 GHz respectively. That is, the master lser &
' properly modulated with the modulating signal for modulation index as 3.843.

As the third harmonics have the highest amplitude, our aim will be to utilize this
sidebands with highest amplitude. To obtain this sideband we have to design VCOs which
selects these sidebands, The vanous experiment carried out on the silebands wsing VCOs
(which are termed Slave Laser in our work) is discussed in the next section.

4.3 REALISATION OF VCO (SMVE LASER)
sl mac®
e

Fige |_C1 Vi [UPPER SIDE RAND SELECTION) Fip:1_CIVC0 [LOWER SIDE BAND SELECTICN)

Fig 4.7 Realisation of VCO (Slave Laser)
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The VCO is an oscillator whose output frequency i dircctly related to the mput
‘woltage. The VCO supplies signal at its free ruming frequency if no mput i applied. With
mput signal it generates an output whose frequency follows the ampliude of the mput in
accordance with the applied voltage. '

In our case, the VCO is termed as Shve Laser because its characteristic depends on the
pwium stage of modulation, which i the Master Laser. Thus, by choosing the center
frequency to be 5030 GHz and 4970 GHz (ie. the 3rd order sideband) we can select the
sideband with highest amplitde.  Since, the master lser output is mjected mto slave hser
which are tuned at the center frequencies of the two sidebands with highest amplitude, we can
say that this scheme utilizes the injection locking method.

44 OBSERVATION FROM VCOs

OUTPUT AFTES LPPER S0E 340 5L
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Fig 4.8 Upper Sideband

The upper side band is obtained with injection locking at 5030 GHz from slave laser.

CUTPUT AFTER LOWER SDE B0 5L

Fig 4.9 Lower Sideband
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The lower side band is obtained with injection locking at 4970 GHz slve laser. Thus,
the VCO's act as fiker generating output signals whose frequencies are directly related to the
input signal with upper and lower silebands respectively. The two slave lasers are phase
inuhment Ako, the phase noise is a serious problem as the output of a single-frequency laser
& not perfectly monochromatic but rather exhibits some phase noise which leads to a finite
fine width of the laser output.

Now, by taking the output side bands from the VCO's, it is fed to the Photo-detector
(product of the output of VCO’s signal followed by a Butterworth type filter) to get the
desired output at 60 GHz

45 PHOTO DETECTION
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Fig 4.10 Output of Photo Detector in Time Domain
Figuwre given above shows time domam output of photo detector with no injection locking.

Thardl Hwmarsc FF salection by Cplcal iyection Leching to B3 Gz Camee Tresrsason
1 T T 1 T i I T T T

nel ! : | i ; : -
(18 -
Bl : h i 2 =
a5k ¢ -

13 i -

R

0= : i 3 -

ﬁ]'_ i i - & r al o

- ; .

0= J T F— R, . -

& i | 1 i _...w-,w"-'"l"'l' i Vs : ;

o ] 7] T i = & ] w ] 10
Fimpuiny i GHg e

Fig 4.11 Output of Photo Detector n Frequency Domain

Figure 4.11 shows frequency domam output of photo detector with injection locking,
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The output of the photo detector results a sharp signal of 60 GHz for camer transmission. It
¢an be observed that the effect of phase noise of the signak v mjection locking significantly
reduces the same and results a sharp line width spectrum otherwise the phase noise will be
Hence, we have successfully generated a millimeter wave having frequency 60 GHz
utilizing the optical mjection locking scheme.

21
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CHAPTERS
MILLIMETRE WAVE SIGNAL

GENERATION USING OPTICAL PHASE LOCK LOOP (OPLL)

5.1 INTRODUCTION

The PLL is an important part of communication system. It i a negative feedback
control system. Traditionally, carrier synchronization has been performed by optical Phase-
bck Loop (PLL). However, there exists two disadvantages such as firstly, the sensitivity to
' propagation delay in optical PLL feedback path Secondly, the fixed loop bandwidth of the
CPLL that imposes a tradeoff between acquisiton time and steady-state phase tracking
performance. Since, PLL i buit using less optical components, leading to a smaller loop
bandwidth, and with a carrier frequency of THz range, which results m Jow loop bandwidth to
carrier frequency ratio. As such, acquiring locking is less straight forward in an optical PLL as
the shive laser must be tuned to the master laser wavelength with high accuracy.

@———Fﬂm

Clock To Worspaoe 1
out
sin |—P ., To Worspace
X
Gal T b
oty T e o \
Phasa Cetector
Anzlog
Mioowsve Scurcal Filter Cesign1 i > D
Scope
Optical Canmier L ces In1 plp— :}4—
Sensithvity
_awvco
Slave Laser

Fig 5.1 Optical Phase Lock Loop (OPLL)

Since, the center of a PLL is VCO which i locked to a reference frequency. The lock
accomplished by the output of phase detector which is amplified and low pass filtered
providing the correction voltage for the VCO. The phase detector is simply a multiplier whose
output is related to the product of both its inputs.

e s
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Let, Reference signal be
E=E; {sinfm; + 3wge)t —sinfe; - Jewgeit)
and the slave laser VCO output be
E.(t)=E,cos [w.t + Yicolt)]
where @,= free rumning frequency, Picoft) = phase madulation due to laser VCO
frequency modulation.
Therefore, Phase detector output & given by
vg= ji sin ¢b(t);  where (1) = (@; - 3wge- wu)t - Pcolt)
And VCO, frequency deviation is directly proportional to the input signal to the VCO
ie. dWycoidt = Kveove= uKvcoF (s)sing(t)

Now, if the open Joop frequency error be Q= @) -3y -0, then

depldt= Q- d¥P,eo/dt= Q - p K vcoF (s)sin (1)
Thus, Phase governing equation of the system is given by,
dipiedt= 0 -y K o F(s)sin p(t)
sp(s)= € - p K woF (5)ep(s) ; using Lplace transform ie, 1% order Inearsation
Or, (s)= Q [fs+p K «oF ()] = [P o] (5);
where @ift)= (; - 3wy & polt)= ot -Ficalt); bit)=dhift)- ho(t)= 1= Picult)
And dPco/dt= p K o (s)M3)
Or s¥cof8)= p K veoF(5)P(S)
Or Wools) dist= pu K oo (s)is
Or, ()P ocals)= s/ pu K veol(5)
Now, d¥Pco/dt=p K ycaf(3) [hi- Po] (3):
When Q=0 ie w; - 3oy = w,, the VCO is tuned to the carrier frequency and the mput s
written as, E,= Eif sinfwy - 3ot + (1)} thus ghy(t)= Pocolt)

And, depo/dt= p K oo (5) [thi pof (1)
shof3)= p K veoF(8) [ - o] (s)

e
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dols) hifs)= p K veoF (s)fs+ p K veoF(5)] = Hfs); which is the Loop transfer function.
By appropriate choice of F(s), any order closed loop transfer function can be obtamed.

Since, His) = Voof bifs) and I- His)= Hy= tho(s)/ thi(s);
Therefore, Error function H1(s) = s//s+ g K veo F(5)]

It s to be noted that a wileband PLL allbws more noise to pass mto the loop, which
cormupts the phase estimate.

5.2 OBSERVATIONS OF PLL

Dm:xd":‘_\ b | R — "

1] 160 12
Fraouency in Cle § X 10} s —

Fig 5.2 Microwave signal mput
The baseband signal (microwave) of 10 GHz i given as mput to the MZM.
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Fig 5.3 Modulating signal
Here, the signal at 30 GHz has the highest amplitude of the MZM followed by a small
amplitude at 50 GHz=
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Fig 5.4 Carrier signal (Master Laser)

The carrier signal (Master Laser) of 1.93 GHz is to be modulated with the MZM's signal
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Fig 5.5 Modulated signal
The master laser is modulated with the modulating signal of MZM having upper sideband
highest amplitude at 1.933 GHz and lower sideband highest amplitude at 1,927 GHz
Since, the highest frequency term will be rejected by the low pass filter; so the VCO will
correspond to the lower frequency term only.

____#__
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53 REALISATION OF VCO (SLAVE LASER)
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Fig 5.6 VCO (Slave Laser)

Since, the VCO is tuned to the carrier frequency with the lower sile band selection,
50 the output of the VCO is obtained as----
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Fig 5.7 VCO Output

It & to be noted that the output of VCO has 90 degree phase shift with respect to the un-
modulated carrier frequency. The output is fed to the phase detector together with the
modulated signal The phase detector generates an outpul signal which & a finction of the
difference between the phases of the two input signals.

e ————————— e —
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The output of the phase detector is obtained as shown below
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Fig 5.8 Output of Phase Detector

This output of the phase detector i fitered and the error signal s fed to the VCO which is
frced to track the master laser at a frequency offset comresponding to the frequency of the
reference input signal The feedback signal s used to jock the output frequency and the phase
of the input signal. However, the feedback bandwidth i independent of the desired
mrowave frequency. The only finction of the (butter-worth type) low pass fiter used 5 to

remove the second harmonic of the camier frequency resulting from multiplication.

Third Hameonic RF selectios by Cpheal ingcimn Lacking for 30 GHz Carie Tranamissn

1 I I i W
05 1 15 1 5 3 L] ] 15
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Fig 5.9 Output after Filtration
Therefore, after suppressing the double frequency term by the filter, a 30 GHZ mm wave is
generated at the output via ijection- ocking.
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CHAPTER 6
CONCLUSION

The proposed work has been demonstrated using a novel scheme to generate mm-wave
sinal using optical skleband generation technique. This work uses a phase modulator
fechnique along with optical fitering. In our first case, we consider Gaussian type fiter for
fitration and then faithfil detection of the bascband signal via direct and coherent detection
has been accomplished. Next, we have considered linear MZM and shve lsers for injection
Jocking process 1o generate a 60 GHz mm-wave after photo detection. The 60 GHz mm-wave
has been obtain since in most of the communication system at this frequency of optically
‘generated mm-wave, noise i comparatively low such as Phase and relative ntensity nose as
compared to traditionally generated microwave signal of the same 60GHz range. Lastly, an
optical PLL & implemented and a faithiul optical mm-wave is generated at 30 GHz frequency
via ijection locking for carrier transmission. The generated 30 GHz signal can be
@comrm‘lcd to a 60 GHz microwave signal But the basic philosophy of generatng a 30 GHz
microwave signal using an OPLL is that this method enjoys the advantage of noise squekching
phenomenon of a conventional PLL along with the additional advantage that the generated
signal has a very low phase noise which improves the BER and the receiver sensitivity,
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CHAPTER7
FUTURE SCOPE

This work can be further extended to study the dependence of the MZM on the splitting

the linearity of MZM. The final output can be modulated

or extinction ratio, dynamic range or
| the effect of fiber dispersion on the

wmg different modulation formats like PSK, OFDM an
60 GHz camcr transmission can be also studied.
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