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Abstract

The separation between the RF antenna and the rest of the
equipments of radar is considered as an important process. It is possible to
achieve this task by converting the radar signals into corresponding
optical signals, and sending it through an optical fiber in order to protect
the personnel and instruments in critical positions.

In this work, an RF optical communications system was designed to
achieve this objective. The modulated RF signal was coupled via a
matching circuit into optical fiber system. The output signal was detected.

The power budget, maximum distance and maximum bit rate for
the optical communication system was calculated. The efficiency of the
optical RF and optical communication system was proved using the
experimental results.

Definite agreement between modulated RF signal and the output

signal at the end of the fiber was achieved.
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INTRODUCTION

The separation between the RF antenna and the rest equipment
of the radar is considered as an important process. It is possible
to achieve this task by converting the radar signal into
corresponding optical signal, and sending it through optical fiber
in order to protect the personal and instruments in critical

positions.

OPTICAL FIBER AND LASER PRINCIPLES:

Fiber optics are long, thin strands of very pure glass or
polymer about the diameter of a human hair. They are
arranged in bundles called optical cables and used to
transmit light signals over long distances.
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Parts of a single optical fiber

If you look closely at a single optical fiber, you will see that
it has the following parts:

. Core - Thin glass center of the fiber where the light
travels

. Cladding - Outer optical material surrounding the
core that reflects the light back into the core

. Buffer coating - Plastic coating that protects the fiber
from damage and moisture

Hundreds or thousands of these optical fibers are
arranged in bundles in optical cables. The bundles are
protected by the cable's outer covering, called a jacket.



FIBER OPTIC DATA LINKS

A fiber optic data link sends input data through fiber

optic components and provides this data as output

information. It has the following three basic functions:

e To convert an electrical input signal to an optical
signal.

e To send the optical signal over an optical fiber

e To convert the optical signal back to an electrical signal
A fiber optic data link consists of three parts—
transmitter, optical fiber, and receiver.

Figure 1 is an illustration of a fiber optic data-link
connection. The transmitter, optical fiber, and receiver
perform the basic functions of the fiber optic data link.
Each part of the data link is responsible for the successful
transfer of the data signal. A fiber optic data link needs a
transmitter that can effectively convert an electrical input
signal to an optical signal and launch the data-containing
light down the optical fiber.

A fiber optic data link also needs a receiver that can
effectively transform this optical signal back into its
original form. This means that the electrical signal
provided as data output should exactly match the
electrical signal provided as data input.
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Optical fiber

There are two main fibre types:
(1) Step index (multimode, single mode)

(2) Graded index (multimode)



Step Index Fibre:

Figure 6 - Step Index Fibre

Step index fibre is so called because the refractive index of the
fibre 'steps” up as we move from the cladding to the core of the
fibre. Within the cladding the refractive index is constant, and

within the core of the refractive index is constant.
Multimode

Although it may seem from what we have said about total
internal reflection that any ray of light can travel down the fibre,
in fact, because of the wave nature of light, only certain ray
directions can actually travel down the fibre. These are called the
"Fibre Mode". In a multimode fibre many different modes are

supported by the fibre. This is shown in the diagram below.



Figure 7 Multimode fibre
Single Mode

Because its core is so narrow Single Mode fibre can support only
one mode. This is called the "Lowest Order Mode". Single mode
fibre has some advantages over multimode fibre which we will

deal with later

Single Mode Fibre
Graded Index Fibre

Graded Index Fibre has a different core structure from single
mode and multimode fibre. Whereas in a step-index fibre the
refractive index of the core is constant throughout the core, in a
graded index fibre the value of the refractive index changes from
the centre of the core onwards. In fact it has what we call a
Quadratic Profile. This means that the refractive index of the
core is proportional to the square of the distance from the centre
of the fibre.



Figure 9 - Graded Index Fibre

Graded index fibre is actually a multimode fibre because it can
support more than one fibre mode. But when we refer to

"multimode” fibre we normally mean "step index multimode".



INTRODUCTION

It is desirable for vital reasons to locate the cites of the
signal analysis and decision making side far away from the
microwave detection unit with secure linkage. In this work a
system will be designed and arranged to carry out this function.
The goal is to separate the microwave receiving unit from cites
of other units to protect the equipments and personal in some
critical situation.

In this work the RF optical communications system is
designed to achieve the target. The modulated RF signal is
coupled via a matching circuit into optical fiber system. And the
output signal is detected.

The power budget, maximum distance and maximum bit

rate for the optical communication system was calculated. The



efficiency of optical RF optical communication system is proved
using the experimental results.
Definite agreement between modulated RF signal and the

output signal is achieved.

EXPERIMENTAL WORK

The objective of the present work is to construct a microwave
observation unit using a diode laser and optical fiber.

The main units are:

e The microwave system.

e The matching circuit.



Figure 1 shows the block diagram of the whole system

components.
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Figure 1 The block diagram of the whole system

Microwave system:

The microwave system used in the present work provides a
microwave signal of 10.687GHz frequency, which is modulated
with a square wave signal at a frequency of 5 kHz.

The system consists of:

e modulator

power supply

RF source

flap attenuator

slotted line, antennas

detector



Figure 2 shows a schematic diagram of the microwave system.

MODULATOR  |— ) POWER \ solid state

SUFPLY RF source
SLOTTED ) f AP
LINE ATTENUATOR
MICROWAVE

Tx—ANTENNA | —P|Rx—ANTENNA |—P DETECTOR

Figure 2 The block diagram of the microwave system






A photographic reproduct for the whole RF system.

The matching circuit:

The main obstacle faced here is that the output voltage of
the available microwave detector signal is between 50 mV and
200 mV with low current. This is below the required voltage
which is 5 volts, this is the minimum voltage necessary to
operate the diode drive circuit to overcome the above problem.
Double function circuit must be constructed and used for the
current and the voltage of the microwave signal to amplify it.
This circuit consists of two stage amplifiers (OPA mp) of HI 741
type as shown in figure 3.9. The constructed circuit is used to
match the end front of the microwave unit to the front of the
laser diode circuit. This is to ensure that no drop in the signal

coming from the microwave detector occurs.
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Figure 3.9 The matching circuit

The gain of the first amplifier is about 6.67, and the gain of the
second amplifier is about 47. It means that the microwave detected signal

Is amplified to about 280 times.
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Optical fiber communication system:

e Optical transmitter unit:

e Optical fiber receiver unit:

e Optical fiber:



A Photograph of the reproductive RF optical fiber system.



RESULTS AND DISCUSSION

e The calculated and practical results for the RF
optical communication system will be presented.

e The power budget of the RF optical fiber system,
maximum distance with transmitting 5 k pulse
per second, maximum bit rate and the maximum
distance of the optical link will be illustrated.

e The performance parameters describing the
employed measuring system will be studied.
Finally comments on the results will be viewed in

the discussions and conclusions.

Microwave system performance:

The microwave detection:



The IN23 microwave output detector is used in the present work.
This detector is fabricated for low level detection. The crystal diode
detector is mounted in the center of the waveguide. The detector
output voltage is between 0.05 — 0.25 V at frequency of 5 kHz set by
the modulator. To examine the behavior of the received microwave
signal, the variable attenuator is used. An experiment is carried out in
which the microwave detector output power is recorded for different
attenuator position (i.e. different attenuation angle). The relation
between the attenuator position and the microwave output power

detector is shown in figure 4.1.
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Figure 4.1 Microwave detector output power as a function of

attenuator position degrees (experimented and fitted data).




The figure shows the relation between detected
microwave output power and the attenuator position (6°) for 5
k pulse/sec transmitted frequency. The experiment is carried
out using different transmitted RF output power (output
power 1, output power 2) and two optical fiber lengths (0.5
and 15) m. It is clear that the relation between the RF output
and attenuation value is exponential relation satisfying the

theoretical relation.

Optical fiber system performance:

Power budget:

Given the required receiver power and available
transmission power, the upper limit of the allowable loss
from the transmitted power is called the power budget. If the
transmission power is p; and the minimum required

receiving power is prmin the power budget is:

Power budget = or

min

(4.1)

Power budget [d8]= pydB - pr min [dB] (4.2)



Quantum efficiency (n):

The quantum efficiency n is defined as the fractions of
incident photons, which is absorbed by the diode
photodetectors and generate electrons which are collected at

the detector output terminals. It’s given by this simple

equation:
B Numberofelectronscollected
7= Numberofincidentphotons
(4.3)
or
r e
r] =
' p
(4.4)

where r. is the collected electron per second, and r, is the

incident photon per second.

Detector responsivity:
The detector responsivity gives a measure of the detector

sensitivity to radiant energy. It’s the ratio of the detector



output to the light input. The responsivity R; is used to

characterize the performance of a photodetector.

R, = |p/ Po
(4.5)

where |, is the output photocurrent in Amperes, and p, is the
incident optical power in Watts.

The relationship for responsivity may be developed to
include quantum efficiency as follows. If the energy of a
photon E = hf, and thus the incident photon rate is r, may be
written in terms of incident optical power and the photon

energy as:

The quantum efficiency n = rd/r,
thus

e =N

From equation (4.4) and (4.6) we obtain:



nPo
e T Top (4.7)

Then the output photocurrent is

| _ nPo¢
P hf

(4.8)

where e is charge of an electron. Thus reponsivity may be

written as:

hf (4.9)

The frequency f of the incident photons is related to their

wavelength A and the velocity of light in air c by:

F = c/A
(4.10)



By substituting equation (4.10) into equation (4.9) the

reponsivity is given by:

" he (4.11)

And this is a useful relationship between responsivity and

the wavelength of the incident light.

Transmission distance:

The transmission distance is limited by:

Lmax = i(10Ioglo Pt —1010910 Pr min —otherlossdB)
af

(4.12)

where o is the fiber attenuation in units of dB/km.

And the achievable transmission distance is essentially
limited by p; and Pmin - The Lnax 1S the maximum distance
that can be traveled by P; and detected by P.m, and the
system becomes out of order when the distance exceeds this

value.



Detector sensitivity and the bit rate:

In communications the minimum required received
power increase as the transmission bit rate increases. In most
cases, they are linearly proportional. As the bit rate
increases, the bandwidth of the signal increases. Therefore,
the receiver needs to have a large bandwidth to receive the
signal. Also as the receiver bandwidth increases, more noise
power passes through. To maintain the same received signal
to noise ratio (SNR), the signal power thus should also be

increased.

The receiver sensitivity Prmin Is linearly proportional to

the transmission bit rate:

vV

Pres = Prmin ——
res. rmin Bo (413)

(4.14)

PresldBl=Pr minldB] +10|0910[%]

where V is maximum bit rate, and Pres is the receiver

sensitivity at bit rate B, . Subtracting equations:



LMAX = i[(Px — Pres)dB —101l0g10 v otherloss]
o f Bo

(4.15)

10 Vv
= LMAX -0-——10log10[——
o f Bo

(4.16)

Computing the signal to noise ratio:

The signal to noise ratio (SNR) of the optical fiber
photodiode receiver can be computed. The amount of the
generated current in the photodiode I, depends on the
incident optical power on the photodiode in the optical link.
The incident optical power on the photodiode detector is
about 9.6 uw or — 20 dBm and the responsivity of the used
detector is 0.5 A/W, by substituting these values in the
equation 4.5, the result can be obtained. The noise coming
from the thermal noise current i, generated from the load

resistor Ry is:



. 4KT AT
" =VTR, (4.17)

where k is the Boltzman’s constant, T is temperature, Af is
the electrical signal band width, and R is the load resistor.
The noise current i, can be calculated from the last

equation. Then the S/N ratio can be obtained:

!
(54,)dB =20 Iog(f) (4.18)
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Figure 4.2 The relation between the maximum distance (Km) and the

minimum power sensitivity(uW). (experimented and fitted data).

From the above figure it is clear that the maximum
distance for the practical work that can be achieved about 30
km, but this distance can be reduced to equal 4 km when the
minimum sensitivity increase to 8 uw, at constant receiving
power 9.6uw the result form this figure is that the maximum
distance increased when the minimum power sensitivity

decrease and the maximum distance decreased when the



minimum power increase. We expected a maximum distance
in case of choosing another photodetector with smallest
power sensitivity.

Figure 4.3 indicates the maximum bit rate that can be
achieved at the maximum distance which was calculated
using the practical results. Also it is clear that for the
practical work the maximum distance can be achieved at 2
Mbit/sec. And the distance decrease until it reach to zero at
bit rate equal about 6.4 Mbit/sec. That means the system
become out of order at this bit rate and we must notice that
this value was calculated for constant receiving power 9.6
uw and minimum power sensitivity 2.8uw because we will

study the effects of these parameters in the discussion.
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D
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/

0 5 10 15 20 25 30
Max. distance (Km)




Figure 4.3 The relation between the maximum bit rate and the

maximum distance (experimented and fitted data).

Discussion of the optical fiber system results:
1. The receiver power should be larger than the receiver
sensitivity to account for some additional receiver
performance degradation due to intersymbol interference.
Intersymbol interference is the pulse spreading phenomenon.
It is reduce the power separation between received 1s and 0s.
The effect of intersymbol interference on the bit error rate is
equivalent to a loss of received power of a few dB.

In the practical a 4.9 dB excess power should be enough

to compensate the loss due to intersymbol interference.

2. The maximum distance can be achieved by increasing the
received power and decreasing the minimum power
sensitivity that can be obtained by different methods such as:
(i) If there is no available optical source that can give

receiving power greater that 9.6uw, then we can choose

phototedetector with power sensitivity less than 2.8uw, the
maximum distance will be increase rapidly as shown in

figure 4.4.
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Figure 4.4 The minimum power sensitivity against the maximum

distance (experimented and fitted data).




Figure 4.4 indicates that the maximum distance

increased to about 90 Km where the photodetector power

sensitivity is less than 0.1 uw

(if) If there is no available photodetector that can receive power
smaller than 2.8 uw, then we can choose an optical source that can
give more than 9.6 pw, the maximum distance will be increased

rapidly as shown in figure 4.5

_ 20

= 150 /

= /

=100

== ,

= 5 d

c% 0 B i =ad

~ 0 0 4 6 8 10
the max. distance Km




Figure 4.5 The received optical power against the maximum distance

(experimented and fitted data).
The maximum distance in figure 4.5 is achievable up to
82 km if the receiving power reaches to 120 pw.
(iii) By increasing the receiving power and decreasing the
minimum power sensitivity, the maximum distance is then
expressed in terms of the power budget, where the power
budget is the difference between the receiving power and

minimum power sensitivity as shown in figure 4.6.

0 50 100 150 200

The max. distance in Km




Figure 4.6 The relation between the power budget and the maximum

distance. (experimented and fitted data).

From figure 4.6 the maximum distance is achieved as the
power sensitivity decreases to 0.1 uw and the receiving
power increase to 120 uw at 155 km.

3. The power sensitivity and the receiving power have the
same effects on the maximum bit rate. This can be explained
as follows:-

(i ) For constant power sensitivity, the maximum bit rate
increase when ever the receiving power increase as shown in

figure 4.7 This relation shows a linear behavior.
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Figure 4.7 The maximum bit rate against received optical power

(experimented and fitted data).

In figure 4.7, the maximum bit rate exceed 80 Mbit/s when
the receiving power reaches to 120 uw, this value of
maximum bit rate was calculated at constant power
sensitivity.

(if) The maximum bit rate increase with the power sensitivity

at the constant receiving power, finally the bit error rate can



be increased with increasing the receiving power and

decreasing the power sensitivity as shown in figure 4.8.

0 0.5 1 15

The max. received optical power(XL00miro Watt)

Figure 4.8 The maximum bit rate versus the maximum receiving
power (experimented and fitted data).
Figure 4.8 was plotted in terms of the receiving power and it can

be plotted in terms of the power budget.

Antenna remoting RF optical fiber system performance:
For all applications, the noise, linearity, and gain

stability meet the requirements for use in an antenna




remoting system. In RF optical link, the main transmitted
and receiver signal between the control room and the
antenna site should be carried. This link should be allowed
the continuous monitoring of composite up link signal at the

output of the antenna site.
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Figure 4.9 Represents the input RF signal and received optical output

signal (min. power, 0.5 m fiber)
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Figure 4.10 Represents the input RF signal and received optical

output signal (min. power, 15 m fiber)
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Figure 4.11 Represents the input RF signal and received optical

output signal (max. power, 0.5 m fiber)
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Figure 4.12 Represents the input RF signal and received optical

output signal (max. power, 15 m fiber)

It is clear from these figures the input RF signal is
similar to the detected amplified optical signal. The figures
show the good achieving work for detection and
amplification processes.

When the transmitted RF power is attenuated by the
position angle of the flap attenuator, the detected output
signal level is decreased also. This means that the optical
part has a good linearity. It means it is suitable to achieve

the goal of the present work.



Conclusions:

Many points can be summarized the performance of the RF
and optical systems, as follows:

1. The use of fiber optics allows the remote microwave link
to be constructed that very low propagation loss and
dispersion and have a high degree of immunity from
external effects.

2. RF fiber optic links are rapidly becoming feasible for use
in radar systems with significant improvements in weight,
size, flexibility and electromagnetic interference (EMI)
Immunity.

3. This system can be used in different fields like in aircraft
of the future with significant impacts on their design.

4. The successful RF optical fiber communication system
depends on the maximum distance, and the maximum bit
rate that can be transmitted by optical transmitter and
detected by optical receiver.

5. Link was been demonstrated with reasonable
performance to X- band RF (10.687 GHz) with both

wideband and narrow band transmission characteristics.



6. The received microwave signal must be amplified before
it enters the laser diode driver to ensure that no
mismatching case occurs.

7. The lowest attenuation is achieved at frequency equal 4.5
KHz.

8. Because the suitable low attenuation of optical fiber for
optical signal at 5 KHz, the optical signal can travel into a
long distance before it is converted into electrical signal

using the photodetector.



Suggested future work:

¢ Interfacing the whole system with a PC to better data
processing and decision making.

e Extending the work in the direction of image
processing to enhance the detected target image.

¢ Finally rechange multi-target detection to simulate real

radar system.






