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Abstract

This research is a study of the principle and application of lightwave multiplexing
technique, using two different modulated light sources. The modulated signals were polarizing
multiplexed then entered into the optical system. The multiplexed signals were demodulated and
detected by using the optical filtering devices and detectors, respectively. The optical filtering
schemes using either polarizer or polarizing beamsplitter were investigated. The received signals
were wavelength division demultiplexed by using the polarizing filters. Results have been taken to
make consideration for noise problems such as transmission signal levels, S/N and interchannel
crosstalk effects. The use of such a system for video and audio signal transmission systems were
also investigated. The optical crosstalk of 9.58 and 12.2 dB were observed, using two different
wavelengths, 670 and 785 nm respectively. The bandwidth of data and voice transmission signals
of 70 kHz and 10 kHz were achieved. The S/N of the optical output of 20 dB was noted. The
data transmission rate of 19.2 kbit/s was recorded via full duplex system. Plastc fiber link was
also employed incorporating with the transmission system where the signal to noise level of 23 dB

was observed.
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P(t)= P[1+ms(t)) (2.18)
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Technical Specification

Visible Infrared

670 nm 785 nm
output power (max.) 3 mW 3mW
wavelength range (min. to max.) 660-680 nm 775-795 nm
(typ.) 670 nm 785 nm
supply voltage -Bto-12V -8to-12V
supply current 25-50 mA 25-50 mA
divergence (full angle) <0.5 m rad. <0.5 m rad.
spot size (standard types) 100 mm 100 mm
case (front cell) 5 mrad. (typ.) 5 mrad. (typ.)
MTTF@ 30°C 20,000 hrs 32,000 hrs

-10 to +40°C -10 to +50°C

operation temperratur range
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Technical specification

Peak spectral response 750 nm
Wavelength range 350-1100 nm
Responsivity 0.7 mA /mW /cm’ (typ.)
Dark current (at-20 V) 1.4 nA (typ.)

Temp. coeff. of dark current

x 2 for 10°C temp.

Reverse breakdown voltage -80V at 10 mA
temp. coeff. of change in leakage current with illumination 035%/°C
Max. forward current 100 mA
Max. dissipation 200 mW at 25°C
Capacitance (-10 V bias) 12 pF
Response time 4 ns typ.
Operatihé temp. -40°C to +70°C
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Multimedia Communication Based on Polarization Technique
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Abstract

This research studies the optical full duplex
based on polarization technique. Two different light
sources were applied and modulated, then coupled into the
optical system. "I‘ue signals to be multiplexed consisted of
voice, image and data. The :iemultiplexed signals were
obtained by using the optical signal processing scheme.
Results have shown that the coupling crosstalk of -24dB

may be observed.
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Abstract

A lightwave demultiplexer using an
optical filtering device is studied and
demonstrated. Two wavelength multiplexed
signals are combined and then filtered or
demultiplexed before, entering the optical
receivers. S/N ratio of the optical output signal
of 32 dB is observed, and an optimum
extinction ratio of light signal of 95 % is
achieved. The range of applied frequency of
60 kHz is employed where the modulation
index of 95 % is observed. The minimum
wnterchannel crosstalk of the optical output of
-16 dB, using a polarizing plate as an optical
filter, is obtained. Results have shown that the
demultiplexing system using optical technique
which requires less optical romponents
showing the potential of application such a

system as a demultiplexing device.

1. Introduction

Optical multiplexing schemes have
attached increasing research interest in recent
years (1, 2, 3], as they provide an inexpensive,
simple, compact and widely use for both
optical communication and sensor applications.
Optical signal processing techniques have
shown _their feasibility at high density and
bandwidth, coupled  with stingent cost
constraints of advanced wide b'andwidth
communication, where electronic
demultiplexing techniques so far has not been
possible. The strategic insertion of optical
connection technology into system not only
meets projected r;:quircmcnts, but potentially
offers it at a competitive cost and applications -
[4, 5]. An opportunity exists for the
development of new optical interconnection
technology which can be incorporated into
system design beginning at this interconnection

level and beyond [6, 7].



There are several techniques of optical
demultiplexing, concerning number of required
couplers, total loss in the signal path, number
of required strobe signal sources, susceptibility
to thermal and environmental influence, optical
isolation, have been studied by E. Bodtker and
J.E. Bowers [8]. A required key technique is
how to obtain the complete demultiplexing, in
terms of component usage, S/N ratio, crosstalk
and optical losses. Generally, wavelength
demultiplexing scheme can be carried out to
obtain the packet destination, using polarizing
devices, where several variants of the use of
such devices exist [9, 10]. A paricularly
interesting  principle has been proposed by
Sasayama et al [S5], for optical filter using
polarizing beamsplitter cubes and retarding
plates.

This paper describes an inexpensive,
bulky optical demultiplexing/filtering scheme
which requires fewer optical components and
at the same time facility of an option
demultiplexing. Furthermore, it offers useful
application prospect in future optical device
design h;ld fabrication, e.g. multiplexer,
demultiplexer, switching, filter etc. The
application of this system may range from
optical data links to implementation of optical
sensors and networks. The work reported in
this paper presented a comparison of the
demultiplexer, using polarizing plates and

polarizing beamsplitter, where results obtained
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have shown that the one using polarizing plates

has better output characteristics than the other.

2. Operating System

The proposed scheme requires at least
two light sources available to the wavelength
multiplexing system. The wavelength of the
light source must be very stable and accurate.
Figure | shows the schematic diagram of the
free-space  wavelength division multiplexing
(WDM) and demultiplexing arrangement
employed in the system.

A demultiplexing technique of light
signals using the coherent optical filter known
as Mach Zehnder Interferometer” has been
applied using as a demultiplexing device. Each
selector of optical output can select the
arbitrary  frequency channel out of the
multiplexed frequency, utilizing the device
ability of selection arbitrary frequency. The
relationship between the modulating frequency
of WDM and the optical power characteristics
were investigated by sweeping the optical
carrier frequency.

The basic requirement of the system is
that, the multiplexer must combine the
multiplexed signals with minimum losses.
Those losses, D, are expressed in decibels

(dB) at each wavelength >\.j by:

D; = 10 log(P/P,) (1)



where P is the optical power injected into
the transmission line and P, is the incident
power to the receiver at A,j [4]. At the other
end of the system, the sign~als at the different
wavelengths are separated by a dcmﬁltiplcxcr
which, likes the muitiplexer, where it must
have the minimum losses. The required output
signal is that the 'signals having minimum
optical crosstalk due to the interchannel
interference. The optical crosstalk, Gy of a

channel ion a channel j is given by
Cij =10 IOE(PU /Pﬁ) (2)

where P, is the rcsidual optical power of
channel i at wavelength }\.i in channel j and
P, the exist optical power in chanpel j at
wavelength A,j. Generally, the total optical

crosstalk in channel j can be expressed as
C; = 10 log(X.s; P,/P)) 3)

This approach may in [;rinciplc be
extended to large muitiplexed system. In the
case of short distance communication, the loss
terms are very small and negligible. However,
care must be taken to avoid the interchannel
crosstalk by minimizing the effect of the error
from polarization orientation and optical

system arrangement.

3. Results and Discussion

In  this report, wo  channel
transmission signals were employed to measure
the interchannel crosstalk and S/N ratio
performance of the system. Figure 1 shows
that two orthogonally polarized light are
emitted from two light sources with different
wavelengths. Subsequently, the two light
begms (wav;:lcng[h }\., and )\.2), are combined
using a beamsplitter then filtered by a
polarizing bcan‘isp[ittcr or polarizing plates.
Two light sources were used to carry input
signal into the multiplexed system, each
stabilized laser diode stabilized with intensity
modulator was employed as the transmitter.
The multiplexing signal was introduced at the
combiner. The optimum extinction ratio was
achieved by adjusting the polarization
orientation of the light beam into the system.
Two different output signals are demultiplexed
or separated and then received by the
detectors.

In this scheme as shown, two light
sources employed were laser diodes at
wavelength of 810 nm (channel-1) and 780 nm
(channel-2)  respectively.  Each linearly
polarized light signal was modulated by f, at
60 kHz and f, at 20 kHz, collimated and
passed through a polarizer to improve the
beam degree of polarization and initiate the
beam orientation. . First, one mode of linearly

polarized light was launched whereby the f|



combiner  then filtered  before  entering  the
reccivers. Two light beams werce then mixed by
a hcumsp!iucr. and cntered into the second
beamsplitter or polarizing beamsplitter. The
dilferent channcl of the output signals were
obaincd by adjusting  the  polarization
controlled devices. The output signals  were
deteeted by the detectors. In this study, the
splitting ratios of the  polarizing .pl:n(cs and
polarizing beamspliticr arc 95 % and 87 %,
respectively,
R

LD, A= 70w

l.l),,A| = 10 nm 2 1

1 D, '{ i¥] Oscillascope

Fig. 1 Hustration of a basic photonic \WWDM
system : LD : Lascr diode,
P : Polarizing plate, : Modulation
frequency, BS : Beamsplitter,
PBS : Polarizing beamsplitter,

D, Detector, R, : Reccivers.
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Fig. 2 The mcasured optical signals of twa

channel demultiplexer:
{a) using polarizing platcs

(b) using polarizing beamsplitter

The multiplexed  light bcams was
filicred by using the polarizing controlled
devices, -i.c. a .polariziI.Ig beamsplitier  or
polarizing plates. As shown in Figure 1. the
other case using PBS, was replaced by the
polarizing plate to filter the requircd oplical
signals. The output signal interchannel crosstalk
and the optimum S$/N ratio as a [unction of the
optical receivers power were investigated

Figure 2 shows the results obtained
from two-channcl WDM after filtcring  with
respect Lo the polarization oricntation of the
output light signals. Results have shown that

the defect is merely due to the demultiplexcr



characteristics when sources with spectral
widths difference from multiplexer spectral
passbands were used. A receiver sensitivity of
-27 dB was observed for WDM transmission,
and - 25 dB for f, -channel and -30 dB for f,-
channel, respectively while that the minimum
interchannel crosstalk is -16 dB as shown in
Figure 3. It becomes necessary 1o takcAinto
account the multiplexer crosstalk. In other
cases, the electrical crosstalk is also introduced
which  depends on the receivers, where the
electrical crosstalk of a system also depends on
the relative power and spectral width of the
transmitters. It is possible to improve the
system performance by employing higher
splitting ratio of the polarizing beamsplitter so
that the power at the payload receiver is
increased; this can reduce the power loss for

the payload channel at the receiver.

4. Conclusion

In conclusion, it has demonstrated that
the optical demultiplexer may be simply used
as the optical terminal equipment. It provides
an optimum S/N ratio of the optical output
power, and hence it is suitable for using such a
device as an optical demultiplexer. Generally,
an optical fiber can be applied to the system as
a light signal transmission line, where it can be
delivered  signals  for long  distance
transmission. The optical demultiplexing device

offers higher performance and lower cost
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packaging technology in order to implement
new product capability and advanced services.
Optical interc.onncction strategy  offer
advantage at higher levels comparing to the
electronic  system. It is also an enabling
technology that will allow industry such as
communication, computer and cable television
to evolve their hardware platform and expedite
the introduction of higher bandwidth service.
Therefore, this proposed system architecture
offers a simple system design, low cost, and
easy implementation for using as optical signal
processing devices. A comparison between the
use of polarizing plates and polarizing
beamsplitter is made. It is found that in general
this polarizing plate filter has better output

characteristics than the other.
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Fig. 3 Comparison of the interchannel
crosstalk: using polarizing plates
(C-PLATE, +) and polarizing
beamsplitter (C-PBS,*)



5. References

[I]N.J. Frigo, P.P. lannone, P.D. Magill,

(3)C.

T.E. Darcie, M.M. Dowans, B.N. Desai,
U. Koren, T.L. Koch, C. Dragone,
H.M. Presly, and G.E. Bodeep, * A
Wavelength - Division Multiplexed
Passive Optical Network with Shared
Components , IEEE Photon. Technol.
Lett., vol. 6, no.l1, pp. 1365-1367,
1994.

. Eskildsen, E.L. Goldstein, G.K.

Chang, MZ. Igbal, and C. Lin, ** Self-
Regulating WDM Amplifier Module
for Scalable Lightwave Networks .
IEEE Photon. Technol. Lett., vol. 6.
no. 11, pp. 1321-1323, 1994.

L. Lu, D.J.M. Sabido IX, P.
Poggiolini, R.T. Holfmeister, and L. G.
Kazovsky, “ CORD-A WDMA
Optical Network: Subcarrier-Based
Signaling and Control Scheme”, IEEE
Photon., Tgchnol., Lett., vol. 7, no. §,

pp. 555-557, 1995.

[4]J.P. Laude, “Wavclcngth Division

Multiplcxing", Prentice Hall, New

York, 1993.

[S]K. Sasayama, M. Okuno, and K.

Habara, “Photonic FDM Multichannel
Selector Using Coherent Optical

Transversal Filter', J. Lightwave

126

\
%

Technol.. vol.12, no.4, pp. 664-669,
1994.

[6]R.A. Nordin, W.R. Holland, and M.A.

[7]Rr.

Shahid, “Advanced Optical
Interconnection Technology in
Switching Equipment’, J. Lightwave
Technol., vol.13, no.6, pp. 987-997,
1995.

A. Nordin, F.F.J. Levi, R.N.
Nottenbury, J.O'Gorman. T. Tanbun-
Ek, and R.A. Logan, YA System
Perspective on Digital Interconnection
Technology", J. Lightwave Technol.,

vol.10, no. 6, pp. 811-827, 1992,

[8] E. Bodtker and J.E. Bowers,

[9]H.

14

Techniques for Optical

Demultiplexing in High Bit Rate
Communication Systems , J.
Lightwave Technol. vol. 13, no. 9, pp.
1809-1814, 1995.
Heidrich, D. Hoffmann and R.I.
MacDonald : “Polarization and
Wavelength Multiplexed Bidirectional
Single Fiber Subscriber Loop“, Opt .
Comm., vol. 4, pp. 136-138, 1986.

[lO]Y.Fujii and J. Minowa: “Four Chaanel

Wavelength Multiplexing Composed of
Phase Plates and Polarizing
Beamsplitters Appl. Opt., vol. 28,
no. 7, pp. 1305-1308, 1989.



127

-t Tt v Y < a
nsfnumsaan Ty aualaglsmlnlassnaiadin

A study of Lightwave Transmission Signal by a Plastic Fiber Coupler

g Sundiia uazy3n gmdiu

- om - 3 4 - -a  { -
Yo §udn1s3duoeynBdnnsaiind, mainiandussynd, nurinnimans

uminndomalulagnszesmndudinammaniansziia manszls njamn 10520

ns. 737250045 sle 6213, E-mail: Yupapin Preecha @ kmitl.ac.th

unfage

1143 Tofl 13 umsd owunaTuTad nasdad
- manguazAdadmandiF s Taolfundedudiaume
aoannueNAduNINITaRmanddaogUnTaisuas
uonumauy Tnan T3 wmsfi 1d0innasfadmansiund
\‘;végnriau'wni'w'iﬂﬁmfu'luuﬁvﬁ'um1ﬁnnmm‘m Tag
wuloufwiwmsrdanamdnd WWiniadugunsd
uonumanisfilnlaofyiindyginvuth 1 Youdygim
dygiuvieen 3 voadmgne dyonunmsiisensin
ﬁ'xJuﬂnos’t‘ft:ﬁu‘lﬂd’mQﬂmm'nmamwu'nnﬂuw‘;auun
aTweAduTIToIsons iy Teriawvosmdsduiia
umraesfieziinisuoguatyymnmunsFyyodios
Taounsadudaunedaft 1 QnusfaafudyIaenIn
unzundefufiauesdaf 2 szgnuogmafudygrados
dledatmemsiWqunsalfunmsinfudyananmed
nnnoonumm‘n’ﬁxﬂnus’w“i’uﬁ1h1mlﬂnur?u;q1timrmﬂu
dygramia i fygrauilfergmilirzarndae
souiiinesuazindosvnodiosndify savosnion
mandunzadadmandd ezl Sarinisrunaudusos

v .
fygruionnndniidyyruniyldeigunmgs

Abstract )

This research presents the study of lightwave
multiplexing and transmission system, using plastic fiber.
The constructed plastic fiber coupler consists of asingle
input port and 3 output ports. Thelinearly polarized light
from two different sources were modulated then
multiplexed via a polarezing beamsplitter before entering
into the input port. The signals such as audio and video
signals were transmitted then fiber by electronic filltering
technique and displayed on monitor. Results have shown
that the simple technique can be use to achieved the high

bandwidth transmission signal with interchanne! crosstalk.
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