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Abstract:

The work in this paper focuses on the system quality of direct and coherent
communication system for two computers. A system quality is represented by Signal to
Noise ratio (SNR) and Bit Error Rate (BER). First part of the work includes
implementation of direct optical fiber communication system and measure the system
quality .The second part of the work include implementation both the( homodyne and
heterodyne)coherent optical fiber communication system and measure the system
quality . Laser diode 1310 nm wavelength with its drive circuit used in the transmitter
circuit . A single mode of 62.11 km optical fiber is selected as transmission medium .
A PIN photo detector is used in the receiver circuit.

The optical D-coupler was used to combine the optical signal that come from
transmitter laser source with optical signal of laser local oscillator at 1310/1550 nm to
obtain coherent detection .

Results show that for direct detection the SNR and the BER (28.5 dB, 9.64x107%)
respectively, while for homodyne and heterodyne coherent detection , the
SNR(94.36,97.71)dB and the BER are (1.32x10%,2.43x10%%) at maximum optical
fiber length at 62.11 km. Results show that the homodyne and heterodyne detection
are better than direct detection because the large output SNR and low BER of the
received signal.

Key words: Coherent Communication, Optical Fiber, Local Oscillator,Bit Error
Rate, Signal to Noise Ratio.

Introduction:

Since the invention of the laser in 1960 converted into  photocurrent by
research efforts have focused on photodiodes. While in the coherent
techniques by which the coherent detection systems, the received light is
properties of laser light could be first combined with the beam of a local
utilized  for  coherent  optical Oscillator (LO) laser .In 1995, the
communications. However, it was only performance  of  the coherent
in the latter half of the 1970s, when heterodyne optical FM  receiver
single-mode transmission from a employing a discriminator has been
narrow line width aluminum gallium simulated under different IF filter
arsenide AlGaAs semiconductor laser bandwidths to find the optimal
was demonstrated, that the proposals bandwidth [2].

for coherent optical fiber transmission In  coherent  detection  other
began taking shape [1] . Transmission parameters of the received electrical
techniques are usually divided into two field can be modulated, such as, its
main classes, direct and coherent amplitude, pulse, frequency, or phase.
detections, for direct detection systems, Coherent detection can be performed
the received optical power is directly using two different techniques:
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heterodyne, i.e., different signal and
local oscillator  frequencies, or
homodyne detection, where the signal
and local oscillator frequencies are
equal [3]. The competing effects of
stimulated and spontaneous emission
on the information capacity of an
amplifying disordered waveguide were
studied in 2002; explicit expressions
are obtained for heterodyne detection
of coherent states and generalized for
an arbitrary detection scheme [4].

In 2006 the development of a
coherent heterodyne balanced fiber
optic receiver was reported. Several
examples of coherent balanced
detection as enabling technology for
high value applications in fiber optic
communication and remote sensing
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A same block diagram for direct
detection is used except without local
oscillator .

The transmitting computer is used to
perform a sequence of processes,
which are collectively named the
transmitting process. The setting
process is achieved by using the
Microsoft comm. control 6 (MS
Comm) components. The MS Comm
control provides serial communications
for an application by allowing the
transmission and reception of data
through a serial port. The serial port of
the computer has been chosen as an
output and input port in this work. This

Fig. 1: Block diagram of the coherent system.
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were reported [5]. The best sensitivity
is achieved when homodyne detection
is used. However, in this case both the
transmitter and LO lasers need to have
narrow linewidths (LWs) and be phase-
locked [6].

In 2008 continuous real time
measurements are shown from a
coherent 40 Gbit/s transmission
system. (1, 64 and 128) G symbol/s
coherent quadrature amplitude
modulation (QAM) transmissions over
150 km and a heterodyne detection
circuit were described [7,8].

Materials and Methods :

The system was implemented in
our work is shown in a block diagram
in figure 1.

__________________________

Optical D-
Coupler

_________________________

Coheren

t

conversion of data was achieved by
using line receiver MC1489. These
data, which are converted to TTL
level, are then passed to the optical
transmitter. The optical transmitter
consists of laser source and its drive
circuit. The laser diode module
operated at 1310 nm wavelength of
high stability with the single mode
optical fiber. The optical source used
in the transmitter unit is a multiple
qguantum well laser HFCT-5208M.
coupler 1x2 is used (two port of input
signal and one port of output signal).
The coherent receiver consists of a
laser local oscillator, optical detector.
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This laser diode module operated at
1310/1550 nm dual wavelength of high
stability with the single mode optical
fiber. A PIN detector is used to
convert the detected optical data into
electrical signal. The signal power is
measured by using optical power meter
The reshape of the electrical signal in
the receiver unit is done by IC 741
comparator. The data that comes from
the optical detector and has to pass to
the computer throughout the serial port
have a TTL voltage level that must be
converted to a voltage level of +12V.
This conversion is achieved by using
line driver MC 1488. These data are
then passed to the PC2 through the
serial port. The data were received by
this computer will be submitted to a
sequence of software processing,
collectively named receiving process.

Results and Discussion:

The system quality of direct
and coherent optical system is
represented by calculations of the SNR
and BER. The signal power is
measured by using optical power meter
OTS-310. The generated signal current
of the detected signal in the optical
detector depends on the received
optical power .The signal current (Is)
generated in the detector  is given

by [9]

I; =B xR

rec

. (1)

Table 1: The calculated
heterodyne) detection

Where Prec is the received optical
power by the detector and R is the
responsivity( 0.36 A/W). The noise
originating in the detector are thermal
noise current (ith), shot noise current
(isnot) and dark current (Id). The
thermal noise current is given by [9]

. AKTAS
Ith = R .. (2)
L

where K is the Boltzmann constant
(1.3805x10% J/k), T is the temperature
in Kelvin , Af is the signal bandwidth
(9.6 KHz), R_ is photodetector load
resistor (1 kQ) .
the shot noise current are compute by

[9].

ishot - [Zqu (IS -+ Id )]E
.3
l,, he dark current of the PIN

photodiode is about 4 nA, T is (300 k).
The SNR is written as [9]:

SNR(dB) = 201log (:—S) ... (4)
N
Where Iy is the total noise current

BER isgiven by [9]

ER=—_ exp(_SNR) . (5
\ 275NR 2

Calculations of SNR and BER
based on a practical measurements of
the received optical power at different
values of the single mode optical fiber
length of direct detection and coherent
(homodyne, heterodyne) detection are
show in table 1.

results of the direct and coherent (homodyne,

L P P P In In In
(Km) | (pw) Direc (w) (Hw) (nA) (nA) (nA)
t Homo Heter Direct Homo Heter

SIN
(dB)
Direct

SNR
(dB)
Heter

BER
Homo

BER
Hetero

BER

SNR (dB) Direct

Homo

1 138.03 265.46 | 334.19 0.789 0.94 1.006

95.97

100.13 101.54 1.17E-22 7.17E-24 3.52E-24

3.37 99.54 210.37 | 283.13 0.73 0.881 0.958

93.81

98.68 100.53 3.51E-22 1.49E-23 5.87E-24

7.09 59.56 169.43 | 241.54 0.655 0.831 0.915

90.29

97.3 99.55 2.08E-21 2.99E-23 9.65E-24

13.88 23.33 132.73 204.17 0.559 0.781 0.873

83.52

95.72 98.49 6.35E-20 6.67E-23 1.64E-23

18.47 12.38 123.02 193.19 0.515 0.767 0.861

78.72

95.22 98.14 7.21E-19 8.59E-23 1.96E-23

2371 6.01 115.34 | 186.63 0.48 0.755 0.853

73.07

94.79 97.92 1.27E-17 1.06E-22 2.19E-23

30.24 2.44 111.42 | 182.81 0.45 0.749 0.848

65.79

94.56 97.79 5.08E-16 1.19E-22 2.34E-23

35.69 115 109.9 181.55 0.434 0.747 0.846

59.57

94.47 97.74 1.2E-14 1.25E-22 2.39E-23

41.87 0.49 108.89 | 181.13 0.422 0.745 0.846

5241

94.41 97.73 4.57E-13 1.29E-22 2.41E-23

50.45 0.15 108.14 180.71 0.412 0.744 0.845

42.34

94.36 97.71 7.82E-11 1.32E-22 2.43E-23

54.15 0.09 108.14 | 180.71 0.409 0.744 0.845

37.96

94.36 97.71 7.37E-10 1.32E-22 2.43E-23

58.41 0.05 108.14 | 180.71 0.407 0.744 0.845

3291

94.36 97.71 9.92E-09 1.32E-22 2.43E-23

62.11 0.03 108.14 180.71 0.405 0.744 0.845

28.5

94.36 97.71 9.64E-08 1.32E-22 2.43E-23
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Fig. 2: The variation of received

optical power with optical fiber length
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Fig. 4: The variation of SNR with
the optical fiber length

Figure 2 shows that the
received optical power decreases with
the increase of the optical fiber length
exponentially, in direct detection the
optical power is decrease continuously
duo to the optical power is ended, and
the decrease is stopped at homodyne
and heterodyne detection, means the
local oscillator is work as amplifier.
Figure 3 show the total noise current
for coherent detection is more than for
direct detection due to the high power
incident at the detector which leads to
increase the shot noise current. From
figure 4 the SNR is decreased rapidly
with increasing the optical fiber length
in direct detection because the optical
power decrease result the attenuation
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Fig. 3: The variation of the noise
current with the optical fiber length.
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Fig. 5: The variation of the logarithm
of BER with the optical fiber length.

effects and chromatic dispersion in
optical fiber while in coherent
detection the SNR is semi constant in
each fiber lengths. This means that the
system is acceptable for 62.11Km.
Results show that the SNR is 28.5dB
and the BER is 9.64x10°%, while for
homodyne and heterodyne coherent
detection , the SNR(94.36,97.71)dB
and the BER are (1.32x10%%2.43x10°
2%) at maximum optical fiber length at
62.11 km.

The last value of the BER at optical
fiber length 62.11km of direct
detection is unacceptable because the
acceptable order value of the BER in
optical digital transmission is 107, it
means need optical amplifier after
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thislength. While the last value of the
BER at optical fiber length 62.11 km
of homodyne and heterodyne detection
is acceptable. The coherent detection is
used to increase selectivity of the
receiver. No need to amplify the
received optical power after this length
in coherent detection

Figure 5 show that BER increased
with increasing the optical fiber length
due to the depended on the SNR. from
this figure the variation of BER is very
small in coherent system with
increasing of the fiber length. A higher
BER as compared to direct detection.

Conclusions:

1-Results show that the homodyne and
heterodyne detection are better than
direct detection because the large
output SNR and low BER of the
received signal.

2-Direct optical communication
system need amplifier for optical fiber
longer than 62.2 km while coherent
optical communication system does
not need amplifier.

3- This system uses a simple and low
cost interface circuit to connect
between two PC using a fiber optic
link.
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